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k- program,  was  that  computer  models  based  upon  the  average  SOFI  thickness  pre¬ 
dicted  panel  surface  temperatures  that  were  considerably  higher  than  those  ob- 
servedv  For  an  assessment  of  icing,  the  impctant  values  to  characterize  the 
SOFr^are  the  minimum  thickness  and  range  of  thickness.  Dense  ice  formation  oc 
curred  most  readily  when  a  small  portion  of  the  total  surface  area  had  a  tem¬ 
perature  below  freezing.  These  minimum  thickness  points  were  the  eventual 
locations  of  the  ice  formations.  Other  parts  of  the  surface,  having  tempera¬ 
tures  above  the  freezing  point,  served  as  moisture  sources  due  to  vapor  conden 
sation. 

Three  ice  formation  processes  were  identified: 

1.  Freezing-in-place  of  condensed  water. 

2.  Formation  of  dense  ice  due  to  water  rundown  into  areas  containing 
frost. 

3.  Freezing  of  migrating  water  in  the  form  of  drops  or  rivulets. 

Ice  formation  of  a  size  beyond  that  specified  as  hazardous  to  the  thermal  pro¬ 
tective  tiles  of  the  orbiter  was  observed  in  all  tests  having  liquid  water 
available  on  the  surface. 

Polyethylene  glycol  was  applied  to  the  SOFI  surface  and  tested  as  an  ap¬ 
proach  to  ice  suppression.  The  three  compounds  tested  were  basically  success¬ 
ful  in  this  capacity  except  at  the  thinnest  SOFI  spots.  Serious  questions 
remain,  however,  concerning  the  longevity  of  the  coating  during  high  moisture 
availability  conditions.  A  forced  air  flow  on  the  panel  was  found  to  be  an 
effective  and  fast-acting  icing  control  technique.. 
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PREFACE 

This  report  was  prepared  by  Michael  G.  Ferrick,  Hydrologist,  and  Dr. 
Kazuhiko  Itagaki,  George  E.  Lemieux,  and  Susan  E.  Minas,  Physicists,  Snow 
and  Ice  Branch,  Research  Division,  U.S.  Army  Cold  Regions  Research  and 
Engineering  Laboratory.  Instrumentation  and  experimental  procedures  were 
developed  as  necessary  by  Dr.  Itagaki.  Mr.  Lemieux  and  Ms.  Minas  performed 
the  bulk  of  the  experimental  work  and  data  management. 

The  work  was  funded  by  the  Department  of  the  Air  Force  out  of  P-3600 
funds,  and  was  monitored  by  Lt.  Mark  Nussmeier,  USAF  Space  Division. 

The  technical  content  of  the  report  was  reviewed  by  Stephen  Ackley  and 
Dr.  George  Ashton  of  CRREL,  Harry  Goedde  of  Aerospace  Corp.,  Richard  Sosnay 
and  Lee  Owens  of  Martin  Marietta  Corp.,  and  Lt.  Nussmeier  and  Lt.  Karl 
Seelandt  of  the  U.S.  Air  Force. 

The  authors  thank  several  people  who  were  instrumental  in  the  success¬ 
ful  and  timely  completion  of  this  study.  The  cryopanel  used  in  the  experi¬ 
ments  was  designed  by  Larry  Gould;  parts  were  fabricated  by  Frederick 
Gernhard;  and  welding  was  performed  by  Frank  Perron,  all  of  CRREL.  Gerald 
Bettis,  James  Murphy  and  Stephen  Pugh  of  CRREL  designed  and  constructed  the 
piping  system  for  the  cryogenic  fluids.  Finally,  the  authors  thank  Richard 
Sosnay  for  his  help  with  several  experiments,  numerous  inputs  to  the 
project  and  enthusiastic  support. 

The  contents  of  this  report  are  not  to  be  used  for  advertising  or  pro¬ 
motional  purposes.  Citation  of  brand  names  does  not  constitute  an  official 
endorsement  or  approval  of  the  use  of  such  products. 
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AN  EXPERIMENTAL  INVESTIGATION  OF 
POTENTIAL  ICING  OF  THE 
SPACE  SHUTTLE  EXTERNAL  TANK 


M.G.  Ferrick,  K.  Itagaki,  G.E.  Lemieux,  and  S.E.  Minas 


INTRODUCTION 

The  thermal  protection  system  tiles  on  the  Space  Shuttle  Orbiter  are 
extremely  sensitive  to  Impact  damage.  Such  impacts  could  be  caused  by  ice 
particles  dislodged  from  the  outer  surface  of  the  external  tank  (GT)  during 
the  launch. 

The  ET,  which  contains  the  cryogenic  propellant  tanks,  is  covered  with 
a  spray-on  foam  insulation  (SOFI)  to  minimize  ice  formation.  Preliminary 
analyses  of  the  environmental  conditions  at  the  Vandenberg  Mr  Force  Base 
(VAFB)  launch  site  indicate  that  it  is  significantly  cooler  than  the  Flori¬ 
da  launch  site  much  of  the  time,  increasing  the  chance  of  problems  due  to 
icing.  Additional  ice  suppression  systems  are,  therefore,  being  consider¬ 
ed  to  allow  a  greater  probability  for  launch  during  the  cooler  months  at 
VAFB. 


The  tests  reported  upon  here  were  conducted  to  fill  a  large  gap  in  the 
existing  data.  Thermal  analyses  that  rely  upon  assumptions  suspected  of 
being  overly  conservative  have  concluded  that  an  additional  ice  suppression 
system  may  be  necessary  at  VAFB.  Previous  test  results  have  not  provided 
sufficient  information  to  verify  the  analyses.  The  objective  of  this 
investigation  was  to  experimentally  explore  a  range  of  environmental  condi¬ 
tions  that  occur  at  VAFB  and  for  which  significant  icing  potential  exists 
for  the  ET.  This  information  will  foster  an  improved  basic  understanding 
of  the  icing  phenomena  and  provide  data  to  test  the  accuracy  of  the  heat 
and  mass  transfer  models  that  are  used  to  investigate  ET  icing. 

As  wind  provides  heat  to  the  surface  of  the  ET,  a  critical  condition 
for  icing  occurs  when  natural  convection  generates  the  dominant  flow.  Our 
experiments  were  designed  to  explore  ET  icing  under  these  flow  conditions 
using  a  large  4-  x  15-ft  (1.22-  x  4.57-m),  flat,  vertical  cryopanel  covered 
with  different  thicknesses  of  flight-grade  SOFI  on  either  side.  A  panel 
height  of  15  ft  (4.57  m)  was  selected  to  ensure  that  turbulent  boundary 
layer  flow  would  exist  over  a  major  portion  of  the  panel  to  properly  simu¬ 
late  the  flow  near  the  ET.  The  panel  was  filled  with  liquid  nitrogen  (LN2) 
to  simulate  the  temperature  of  the  cryogenic  fuels  contained  in  the  ET. 


A  series  of  14  tests  were  conducted  in  a  dominantly  natural  convective 
flow  environment  for  a  range  of  environmental  conditions  at  VAFB  and  sus¬ 
pected  of  spanning  the  range  of  critical  conditions  for  icing  potential. 

Test  duration  was  approximately  5  hours  from  the  start  of  LN2  loading, 
equivalent  to  the  time  available  for  ice  formation  on  the  ET. 

Specific  objectives  of  the  experimental  program  were: 

1.  To  provide  input  to  test  the  accuracy  of  the  computer  models  used 
to  predict  S0F1  surface  temperature  and  icing  rates  on  the  ET,  in 
a  turbulent,  natural  convection  flow  environment. 

2.  To  provide  information  concerning  the  condensation  rates  and  con¬ 
densation  rundown  rates  occurring  on  a  SOFI-covered  surface. 

3.  To  determine  the  frost/ice  accretion  rates  on  a  SOFI-covered 
surface  during  mass  transfer  limited  conditions,  without  the 
presence  of  condensate  rundown. 

4.  To  determine  the  ice  accretion  rates  during  condensate  rundown 
conditions. 

5.  To  test  the  effectiveness  of  polyethylene  glycol  (PEG)*  as  a 
freezing  point  depressant  when  used  on  the  S0F1  surface  during 
icing  situations. 

6.  To  investigate  other  icing  control  strategies  which  may  be  effec¬ 
tive. 

CRYOPANEL 

A  SOFI-coated  flat  aluminum  panel,  which  is  l/10th  the  length  and 
about  l/20th  the  circumference  of  the  ET,  offers  enough  similarities  to 
permit  a  valid  investigation  of  the  flow  field  and  ice  formation  processes 
that  occur  on  the  ET.  The  cryopanel  is  an  aluminum  weldment  constructed 
with  type  6061-T6  alloy.  This  alloy  was  chosen  because  of  availability 
from  vendor  stocks,  good  strength  and  ductility  at  cryogenic  temperatures, 
and  relative  ease  of  welding. 

The  cryopanel  is  a  thin,  rectangular  panel,  15  ft  (4.57  m)  high  x  4  ft 
(1.22  m)  wide  x  2-3/8  in.  (6.0  cm)  thick  before  the  insulation  was  applied 
(Fig.  1).  The  length  and  width  dimensions  given  in  Figure  1  include  the 
SOFI  thickness.  Its  outer  skin  is  a  0.19-in.  (0.48-cm)  sheet.  Two-inch 
(5.1-cm)  aluminum  channel  is  used  to  space  the  skins  apart  and  for  the 
frame.  The  spacer  channels  are  in  a  lattice  formation  of  roughly  12-in. 
(30.5-cm)  squares. 

A  flat  panel  is  a  difficult  shape  for  a  pressure  vessel.  The  cryo¬ 
panel  is  "quilted"  for  strength  with  2-3/8-in.-  (6.0-cm-)  long  tie  rods 
which  pierce  it  on  6-in.  (15.2-cm)  center  lines  over  the  entire  surface. 
These  tie  rods  are  welded  securely  to  the  skin  on  each  side  of  the  panel. 


*Three  types  of  PEG  were  tested:  PEG  4000,  a  PEG  1000/400  mixture,  and  PEG 
6000.  The  number  corresponds  to  the  molecular  weight  of  the  compound. 


Figure  1.  Sketch  of  cryopanel  showing  basic  features. 


They  act  in  pure  tension  to  resist  the  loads  caused  by  the  fluid  static 
pressure  of  the  liquid  nitrogen  column. 

The  highest  anticipated  operational  pressure  for  the  cryopanel  was  7 
psi  (48  kPa).  The  panel  was  statically  tested  at  16  psi  (110  kPa)  after 
completion  of  welding.  A  liquid  nitrogen  loading  test  was  then  done  (Fig. 
2)  to  test  the  welds  at  cryogenic  temperature.  Three  top  vents,  each  1  in. 
(2.54  cm)  in  diameter,  guard  against  overpressuring  the  panel  due  to  boll- 
off  of  LN2  during  testing.  The  Martin  Marietta  Corporation  at  Michoud, 
Louisiana,  applied  flight-type  S0F1  to  the  surface  of  the  panel.  One  side 
of  the  panel  was  coated  with  nominal  1-ln.  (2.54-cm)  SOFI  (side  B),  and  the 
other  with  nominal  3/4-in.  (1.91-cm)  SOFI  (side  A).  The  nominal  thickness 
of  SOFI  on  the  ET  is  1  in. 

The  SOFI  surface  is  an  aggregate  of  thermally  insulating  cells  and  is 
not  smooth.  In  applying  SOFI  on  the  panel  (or  ET)  deep  cavities  were 
formed  between  cells  of  the  SOFI.  Thickness  variation  was  specified  to  be 
within  ±  1/4  in.  (±  6.4  nm),  identical  to  the  ET  specification.  Thin  spots 
on  the  panel  were  located,  however,  with  an  Infrared  camera  during  the 
first  few  tests.  Measurements  of  these  spots,  taken  by  piercing  the  SOFI 
with  a  hypodermic  needle,  revealed  that  many  were  considerably  thinner  than 
the  specification.  The  thinnest  spot,  located  on  the  uppermost  section  of 
side  A,  was  only  7  on  deep. 
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Figure  2.  First  cryogenic  test  of  completed 
panel  before  SOFI  spraying.  The  panel  was 
enclosed  in  its  shipping  crate  for  stability 
and  insulation. 


DESCRIPTION  OF  TEST  FACILITY 

The  test  facility  was  located  in  an  uninsulated  building  with  steel 
sides  and  roof,  and  an  asphalt  floor  (Fig.  3-6).  The  building  has  numerous 
air  leaks  to  the  outside.  In  choosing  the  location  and  constructing  the 
facility,  several  requirements  of  the  testing  program  were  considered: 

1.  Temperature  stratification  within  the  enclosure  and  rapid  varia¬ 
tion  of  temperature  during  the  5-hr  test  period  were  to  be 
avoided . 

2.  The  relative  humidity  would  sometimes  have  to  be  Increased  to 
match  test  requirements. 

3.  The  radiative  input  to  the  test  panel  was  to  be  minimized  and 
monitored . 

4.  Forced  air  flow  in  the  test  chamber  was  to  be  controlled. 

5.  Other  ET  environmental  variables  (e.g.  solar  insolation,  vapor 
condensation,  and  rundown  on  all  or  part  of  ET)  had  to  be  simu¬ 
lated  as  required  by  the  test  plan. 


Because  of  the  Influence  of  outdoor  ambient  conditions  upon  the  envi¬ 
ronmental  conditions  within  the  test  facility,  tests  were  conducted  when¬ 
ever  these  conditions  most  closely  matched  the  conditions  desired  for  one 
of  the  tests.  All  of  the  conditions  listed  above  were  monitored,  and  in 
some  cases  manipulated  within  the  test  enclosure  to  achieve  the  conditions 
required  for  the  test.  The  panel  orientation  was  such  that  east  corres¬ 
ponds  to  side  A,  the  side  with  nominal  3/4-in.  (1.91-cm)  SOFI  thickness, 
and  west  corresponds  to  side  B,  the  side  with  nominal  1-in.  (2.54-cm)  SOFI 
thickness. 
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Figure  5.  Test  enclosure  viewed  from  side  A,  with  IR  Figure  6.  Test  enclosure  viewed  from  side  B,  with  1R 
pyrometer  in  use.  Note  psychrometer  and  dew  cell  hy-  camera  in  use.  The  propeller  anemometer  can  be  seen 

grometers  at  left,  cryopanel,  net  radiometer  and  emis-  at  the  top  of  the  hydraulic  ladder  on  the  right, 
sivity  panel  at  the  center. 


Figure  7.  Dew  cell  hygrometer  used  for 
dry  bulb  and  dew  point  temperature  meas¬ 
urement 


Figure  8.  Assmann  psychrometer  used  for 
wet  bulb  and  dry  bulb  temperature  meas¬ 
urement  . 


Temperature 

For  more  than  a  month  before  the  tests  began,  the  building  and  outdoor 
temperatures  were  monitored  hourly.  It  was  found  that  overcast  days  and 
nights  offered  the  longest  periods  of  stable  temperature  and  humidity. 

With  clear  conditions,  the  most  stable  temperature  and  humidity  occurred 
between  2300  and  0500  hr.  For  all  conditions,  the  building  housing  the 
test  facility  offered  some  damping  of  outdoor  temperature  variations. 

These  studies  indicated  that  tests  should  be  conducted  during  overcast  con¬ 
ditions,  or  at  night,  to  satisfy  the  test  requirements.  The  actual  tem¬ 
perature  variations  in  eight  of  the  tests  were  within  ±  1°C  and  12  tests 
were  within  ±  2°C. 


Two  dew  cell  hygrometers  (Fig.  7)  were  stationed  at  1  and  4  m  from  the 
floor,  near  the  test  panel  to  monitor  temperature  and  dew  point  throughout 
the  test  at  5-min  intervals.  In  addition,  an  Assmann  psychrometer  (Fig.  8) 
was  stationed  on  the  A  side  of  the  test  enclosure  2  m  from  the  floor  and 
used  to  measure  the  wet  bulb  and  dry  bulb  temperatures  every  30  min.  A 
complete  description  of  all  instruments  used  in  the  test  series  is  given  in 
Appendix  A. 


Figure  9.  Spray  nozzle  assembly  used  to  increase  humid¬ 
ity  and  for  fog  production. 

Humidity 

Again,  the  natural  variations  in  relative  humidity  made  it  possible  to 
complete  most  of  the  tests  by  waiting  for  the  appropriate  conditions. 

Where  higher  humidity  and/or  fog  was  desired,  two  sets  of  spray  nozzles 
(Fig.  9),  one  at  either  end  of  the  test  enclosure,  were  used.  Generally, 
spraying  began  at  least  an  hour  before  test  time  and  continued  throughout 
the  test.  Areas  near  the  spray  rig  were  checked  for  air  currents  that 
might  affect  the  panel  flow  field  and  surface  temperatures.  Forced  air 
convection  was  determined  to  be  confined  to  a  small  area  very  close  to  the 
spray  rig,  more  than  5  m  from  the  panel.  Fog  was  contained  near  the  panel 
by  the  plastic  curtain  walls  of  the  test  enclosure.  The  plastic  walls  were 
hung  a  distance  away  from  the  building  walls,  with  an  air  space  at  the 
ceiling  and  floor  for  air  exchange. 

Radiative  environment 

To  minimize  radiative  input  to  the  panel,  most  tests  were  conducted  at 
night  or  in  generally  overcast  conditions.  The  nighttime  tests  were  begun 
sufficiently  late  so  that  the  steel  structure  had  an  opportunity  to  cool 
from  heating  that  may  have  occurred  throughout  the  day.  Spraying  the  roof 
with  water  to  enhance  cooling  was  also  done  before  starting  some  high 
humidity  tests.  On  overcast  days,  the  roof  and  walls  were  within  a  degree 
or  two  of  the  ambient  temperature  (e.g.  tests  1  and  7).  For  later  tests 
conducted  in  early  morning,  the  two  windows  in  the  roof  closest  to  the 
panel  were  covered  with  aluminum  foil  to  minimize  the  effects  of  solar 
heating.  Two  net  radiometers  (Fig.  10)  were  placed  in  the  center  of  each 
side  of  the  panel  to  monitor  the  net  radiative  input.  In  addition,  the 
roof,  wall  and  floor  temperatures  were  monitored.  Probably  the  least-regu¬ 
lar  radiative  effect  near  the  panel  occurred  when  two  to  five  persons  stood 
close  to  the  bottom  of  the  panel  to  examine  the  frost/lce  growth. 


Figure  10.  CSIRO  net  radiometer  used  to  measure  the  net 
input  of  thermal  radiation  to  the  surface  of  the  panel. 


Wind 

The  leakiness  of  the  steel  structure  provided  enough  ambient  turbu¬ 
lence  to  ensure  immediate  transition  to  turbulence  in  the  boundary  layer 
and  turbulent  flow  over  the  entire  length  of  the  test  panel.  The  end  doors 
of  the  building  were  opened  wide  before  a  test  to  minimize  temperature 
stratification  in  the  building  and  then  closed  to  1-m  openings  before 
starting.  A  propeller  anemometer  was  used  during  a  test  to  monitor  any  air 
currents  flowing  through  the  building.  Air  movement  was  almost  never 
observed,  and  the  slight  winds  which  occasionally  occurred  at  the  top  of 
the  room  were  blocked  by  the  plastic  enclosure  for  most  of  the  length  of 
the  panel. 

Other  environmental  factors 

Simulations  of  wind,  solar  radiation,  and  condensate  rundown  that 
might  occur  on  all  or  any  part  of  the  ET  on  the  launch  pad  were  considered 
and  are  discussed  in  the  summaries  of  the  relevant  tests. 

DESCRIPTION  OF  TEST  PROCEDURE 

A  checklist  (Fig.  11)  was  drawn  up  to  establish  a  routine  by  which  to 
prepare  for  a  test.  Several  hours  before  each  test,  a  pre-test  data  sheet 
(Fig.  12)  was  partially  completed  with  information  on  designated  environ¬ 
mental  conditions  for  the  test,  and  actual  temperature,  dew  point,  relative 
humidity,  and  vapor  pressure.  The  battery  charge  was  checked  for  the  IR 
pyrometer,  LN2  level  Indicator  (Fig.  13),  photoflash,  IR  camera  and  hydrau¬ 
lic  ladder  before  tests  In  which  they  were  used.  Two  hours  before  a  test, 
data  sheets  and  sample  containers  were  prepared  and  dry  weights  of  the  drip 
pans  used  to  collect  condensate  rundown  were  recorded.  Temperature  and  dew 


PRE-TEST  CHECKLIST 


T-6  hr 

1.  Measure  Items  listed  on  data  sheet. 

2.  Check  if  all  batteries  are  charged  or  in  good  condition,  IR  camera, 
pyrometer,  cherry  picker,  LN2  level  indicator,  photo  flash. 

T-120  min 

1.  Prepare  following  items:  Data  sheet,  film,  frost  sample  container,  PEG 

sample  container,  filter  paper,  DVM. 

Water  for  pressure  indicator  and  bubbler. 

2.  Measure  02  level  (over  48  mV  or  check  for  discrepancy). 

3.  Open  end  door  about  1  ra. 

4.  Temperature  and  dew  point  variation  less  tha  2°C/hr? 

5.  Weigh  drip  pan  and  enter  on  pre-test  data  sheet. 

6.  Data  logger  calibration. 

7.  Locate  IR  camera,  pyrometer,  to  side  A.  Load  film  and  photo  data  board. 

8.  Connect  LN2  level  indicator  battery.  Is  lamp  flashing? 

9.  Fill  manometer  and  bubbler  with  water. 

T-30  min 

Start  Nj  in  radiometer.  Logger  5-min  interval. 

T-5  min 

Wet  Assmann  psychrometer  wet  bulb,  wind  up,  hang  at  the  elevator,  mount  anemometer. 
Figure  II.  Checklist  used  in  preparation  for  a  test. 


10 


PRE-TEST  DATA  SHEET 


Julian  date  2112 
T-6  hr 


Test  No.  1 


Designated  Conditions  Cold,  Dry. 


DP  H  -8. 5°C  VP  2.22  DP  L  -8.8  VP  2.168  LN2  level  31.5  LN2  pressure 

RH  36  RH  35% 

Temp  H  3.8°C  VP  6.015  Temp  L  4.1  VP  6.15  02  52  mV  N2  pressure  800 

Frost  sample  bottle  #1  #2  #3  It 4  1t5  it6  #7 

Oven-dried  bottle 
Difference 
Oven-dried  paper 
Total  frost  w. 

Area  of  sample 
Location 

T-120  min 

Temp  and  dew  pt.  variation  T  H  deg/hr  Dp  H  deg/hr  T  L  deg/hr  DP  L  deg/hr 
Drip  pan  wt  dry  A  left  A  right  B  left  B  right 

Figure  12.  Data  sheet  used  to  monitor  conditions  prior  to  a  test. 


Figure  13.  Liquid  nitrogen  level 
detector  with  a  probe  placed  inside 
the  panel  near  the  top,  and  panel 
pressure  indicator  used  to  monitor 
overpressure  of  the  panel  due  to 
vaporization  of  the  liquid  nitrogen. 
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Figure  14.  Omega  infrared  pyrometer  used  for  panel  sur¬ 
face  temperature  measurement. 


point  variations  were  verified  to  be  less  than  2°C/hr.  The  Kaye  8000  data 
logger  was  then  recalibrated. 

Less  than  1  hour  before  the  test  the  water  level  was  adjusted  in  the 
panel  pressure  Indicator  (Fig.  13)  and  in  the  bubbler  used  to  regulate  the 
N2  supply  to  the  radiometers.  The  IR  pyrometer  (Fig.  14)  and  the  IR  camera 
(if  used)  were  moved  to  side  A,  where  the  first  set  of  data  would  be  taken. 

At  about  30  min  before  test  time  the  N2  was  turned  on  to  the  radio¬ 
meters.  By  this  time  the  data  logger  calibration  was  complete  and  the  scan 
Interval  was  set  to  5  min  where  it  would  remain  throughout  the  test. 

The  data  recorded  by  the  data  logger  Included  the  output  of  two  plati¬ 
num  resistance  thermometers  (PRT)  located  1  m  and  4  m  above  the  floor 
approximately  1  m  from,  and  coplanar  with,  the  cryopanel.  The  dew  point 
was  measured  using  dew  point  hygrometers  located  in  the  same  aspirators  as 
the  PRT' s.  As  a  safety  precaution,  the  dissolved  oxygen  in  the  test 
chamber  was  monitored  with  a  Beckman  Model  735  Dissolved  Oxygen  Analyzer. 
The  radiative  heat  input  to  the  panel  was  monitored  using  two  net  radio¬ 
meters,  one  on  each  side  of  the  cryopanel  located  10  cm  out  from  mid-panel. 
Forty-three  channels  on  the  data  logger  monitored  type  T  thermocouples  at 
various  locations.  Twenty-three  of  them  were  on  the  cryopanel  and  ten  on 
the  eml88lvity  panel.  Two  each  were  on  the  floor  and  ceiling  and  one  was 
on  each  of  the  four  plastic  curtain  walls.  One  thermocouple  was  in  a  zero 
point  reference  and  one  was  in  a  Dewar  flask  of  LN2  for  reference. 

Five  minutes  before  the  start  of  the  test,  the  psychrometer's  wet  bulb 
was  moistened  with  distilled  water  and  the  psychrometer  was  wound  up  and 
mounted  on  the  ladder  located  on  side  A,  along  with  an  anemometer  to  moni¬ 
tor  air  flow  in  the  enclosure. 


SOFI  PANEL  TESTING  WORK  SHEET 


Sheee  No.  S  of  10 

Julian  dace  2112  Tlaa  Elapsed  Clae  T  Dry  bulb  temp.  41. 5 

Tester  Initials  Anetaooeter  reading  0  Wet  bulb  reap.  35. 5 

R.H.  53.97Z 


Side  A  (3/4  In.) 

Right  Left 

Level  Ealsslvlty  panel  (PEG  coated)  (Uncoated) 


Side  B  (1  In.)  T+X 
Emlsslvlty  Panel  Left  R1 


Photo  flla  # 


IR  photo 


Drip  pans 


Figure  15.  Sample  data  sheet  of  manually  collected  test  data. 


The  beginning  of  test  time,  T*0,  was  marked  by  the  beginning  of  the 
LN2  filling  of  the  cryopanel.  The  LN2  level  on  the  storage  tank  was 
recorded,  and  the  wet  bulb  and  dry  bulb  readings  were  taken  with  the  psy- 
chrometer  and  recorded  on  the  first  of  ten  data  sheets  (Fig,  15).  The  IR 
pyrometer  temperature  measurements  of  the  10  areas  on  the  aluminum  emissi- 
vity  panel  and  20  areas  on  the  cryopanel  were  taken  on  side  A.  The 
measurements  began  at  the  top  level  of  the  emissivity  panel  and  were 
followed  by  two  measurements  of  temperature  at  the  same  level  from  the 
cryopanel.  The  scan  continued  progressing  downward  by  level  toward  the 
bottom.  Fifteen  minutes  later  those  same  pyrometer  measurements  were 
repeated  for  side  B.  At  7>30  min,  the  psychrometer  was  wound  up  again  and 
the  entire  procedure  for  taking  the  above  measurements  was  repeated.  This 
procedure  was  repeated  every  30  min  until  the  test  was  completed.  Mean¬ 
while,  for  approximately  the  first  30  min  of  the  test,  one  experimenter  was 
dedicated  to  monitoring  the  filling  rate  and  panel  pressure  until  the  LN2 
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filled  the  cryopanel  to  the  top.  After  the  initial  filling,  the  level  was 
checked  periodically  but  not  continuously  monitored. 

Photographs  were  taken  throughout  the  test  of  any  frost,  ice  or  water 
rundown  occurring  on  the  panel,  and  comments  on  any  such  developments  were 
added  to  the  half-hourly  data  sheets.  If  there  was  rundown,  the  drip  pans 
below  the  panel  were  collected  and  weighed  at  half-hour  intervals. 

This  repetitive  procedure  was  followed  for  the  S-hr  test  period. 
Occasionally  on  specific  tests  additional  measurements  were  interspersed  as 
required  (e.g.  boundary  layer  velocity  profiles  during  tests  1]  and  13). 

At  the  end  of  a  test  a  sample  of  the  frost  or  ice,  and  any  condensa¬ 
tion,  was  taken  from  each  side  of  the  panel.  The  LN2  supply  was  shut  off 
and  the  level  in  the  cryopanel  gradually  decreased  by  boiling  off.  This 
generally  took  approximately  10  hours.  During  boil-off,  as  the  top  of  the 
panel  warmed  up  the  ice  melted,  and  water  rundown  occurred.  As  a  result, 
the  growth  of  the  thickest  slabs  of  ice  observed  at  any  time  during  the 
testing  program  developed  at  this  time. 

TEST  PROGRAM  SUMMARY 

A  total  of  14  tests  were  performed  with  the  cryopanel.  The  Tpp  line 
in  Figure  16  illustrates  the  conditions  for  which  the  dew  point  temperature 
is  32°F  (0°C).  The  regions  above  this  line  and  to  the  left  of  the  lines 
labeled  1,  3/4,  and  1/2  designate  conditions  for  which  ice  formation  is 
expected  on  the  panel  for  SOFI  thicknesses  of  1  in.  (2.54  cm),  3/4  in. 

(1.91  cm)  and  1/2  in.  (1.27  cm)  respectively.  At  condition  A  the  dew  point 
falls  below  freezing  and  frost  is  expected.  The  surface  temperature  of  a 
panel  coated  uniformly  with  a  1-in.  (2.54-cm)  thickness  of  SOFI  at  condi¬ 
tion  B  would  be  expected  to  remain  above  the  freezing  point  and  condensa¬ 
tion  produced. 


Figure  16.  Plot  of  temperature  and 
humidity  ranges  of  the  core  test 
series.  The  Tup  line  illustrates  the 
conditions  for  which  the  dew  point 
temperature  is  32°F  (0°C) .  The  re¬ 
gions  above  this  line  and  to  the  left 
of  the  lines  labeled  1,  3/4,  and  1/2 
designate  conditions  for  which  ice 
formation  is  expected  on  the  panel 
for  SOFI  thicknesses  of  1  in.  (2.54 
cm),  3/4  in.  (1.91  cm)  and  1/2  in. 
(1.27  cm),  respectively.  At  condi¬ 
tion  A,  the  dew  point  falls  before 
freezing  and  frost  is  expected.  The 
surface  temperature  of  a  panel  coated 
uniformly  with  a  1-in.  (2.54-cm) 
thickness  of  SOFI  at  condition  B 
would  be  expected  to  remain  above  the 
freezing  point  and  condensation  pro¬ 
duced. 
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Figure  17.  Plot  of  temperature  and 
humidity  ranges  of  the  dual  area 
test  series. 


The  range  of  temperature  and  humidity  conditions  of  each  "core"  test 
that  was  performed  are  Identified  by  test  number  and  shown  in  Figure  16. 

The  natural  convective  flow  field,  panel  surface  temperatures  and  moisture 
delivered  to  the  surface  of  the  panel  were  undisturbed  in  the  core  tests. 
Additional  "dual  area”  tests  were  conducted  in  which  conditions  on  part  or 
all  of  the  panel  were  modified.  These  tests  were  performed  to  examine  the 
effects  on  ice  formation  processes  of  wind,  solar  radiation,  condensation 
occurring  before  cryo-loading,  and  condensate  rundown  after  cryo-leading 
from  the  upper  portion  of  the  ET.  The  ranges  of  temperature  and  humidity 
conditions  during  each  of  the  dual  area  tests  are  illustrated  in  Figure  17 
by  test  number. 

Six  dual  area  tests  were  performed  and  are  summarized  here.  A  more 
detailed  description  of  the  effects  of  dual  area  tests  can  be  found  in  the 
data  section  pertaining  to  the  specific  test. 

Two  tests  were  performed  (tests  6  and  13)  in  which  the  surface  of  the 
panel  was  wetted  before  cryogenic  loading.  These  tests  were  designed  to 
simulate  condensation  already  present  on  the  ET  before  fuel  loading. 

Two  tests  were  performed  to  determine  the  effects  of  water  rundown  on 
icing  of  the  panel.  Because  the  test  panel  is  only  l/10th  the  height  of 
the  ET  there  will  be  much  larger  amounts  of  condensate  rundown  water  avail¬ 
able  for  freezing  on  the  lower  parts  of  the  ET  than  on  the  lower  part  of 
the  test  panel.  Panel  tests  8  and  14  were  performed  with  totals  of  25  mL/ 
min  and  61  mL/min  of  water,  respectively,  delivered  through  a  drip  hose  to 
the  top  of  the  panel.  At  the  top  the  flow  was  split  equally  between  the 
two  sides  of  the  panel. 

Two  tests  (10  and  13)  were  performed  with  an  infrared  lamp  array  cali¬ 
brated  to  deliver  about  180  W/m2  to  the  upper  half  of  side  B  to  simulate 
the  effects  of  solar  radiation  on  part  of  the  ET. 

The  last  type  of  dual  area  test  (12)  involved  forced  convection  across 
the  top  half  of  side  B.  A  fan  setup  near  the  panel  delivered  wind  at  about 
1  m/s  which  kept  the  upper  half  of  side  B  of  the  panel  free  from  frost. 


A  number  of  Che  tests  were  performed  when  the  naturally  occurring 
weather  conditions  coincided  with  one  of  the  planned  test  conditions.  For 


most  tests  calling  for  high  humidity,  the  humidity  was  Increased  using  two 
sets  of  spray  nozzles  positioned  at  either  end  of  the  test  chamber.  Arti¬ 
ficial  fog  conditions  were  created  and  maintained  with  the  same  devices  in 
other  tests. 


TEST  DESCRIPTIONS 

The  following  14  sections  are  each  a  complete  description  of  one  of 
the  tests  conducted  with  the  cryopanel.  Each  Includes  a  description  of  the 
observed  conditions  of  the  panel  surface  as  frost,  condensation,  or  Ice 
developed  throughout  the  test. 

All  data  recorded  automatically  every  5  min  during  the  test  and  the 
temperature  data  recorded  with  the  pyrometer  are  supplied  in  Appendix  B. 
Included  in  these  data  are  measurements  from  two  dew  cell  hygrometers  (tem¬ 
perature  and  dew  point)  and  radiometer  data  from  the  two  net  radiometers 
placed  at  the  center  of  each  side  of  the  panel.  Also  included  are  data 
from  thermocouples  around  the  test  enclosure.  Thermocouples  on  the  celling 
were  placed  on  two  different  surfaces,  the  west  one  directly  on  the  metal 
roof,  and  the  east  thermocouple  on  one  of  the  translucent  windows  spaced 
every  3  m  across  the  length  of  the  building.  Relative  to  the  thermocouple 
on  the  roof,  the  thermocouple  on  the  window  always  read  higher  under  sunny 
conditions,  lower  on  clear  nights  and  approximately  the  same  in  overcast 
conditions.  For  the  last  four  tests  the  windows  nearest  the  panel  were 


Table  1.  SOFI  thickness  at  thermocouple  locations. 


Thermocouple 


SOFI  Thickness 

(in) _ Om) 


$■  . 


(0,4.6  5)  10,4.6  5) 


Figure  18.  Map  of  thermocouple  positions  (m)  on  the  cryo- 
panel;  x  and  y  coordinates  of  each  thermocouple  are  given. 


covered  with  aluminum  foil,  shielding  the  panel  from  direct  solar  radia¬ 
tion.  For  all  tests,  the  west  thermocouple  is  more  representative  of  the 
temperature  of  the  ceiling  of  the  test  chamber.  The  final  group  of  data 
Included  in  Appendix  B  are  the  5-mln  readings  of  all  thermocouples  on  the 
panel  by  their  position  numbers.  A  map  of  thermocouple  positions  on  the 
panel  is  given  in  Figure  18.  S0F1  thickness  was  determined  at  each  thermo¬ 
couple  location  at  the  conclusion  of  the  test  series  and  these  values  are 
given  in  Table  1  by  thermocouple  position  number. 

Four  15-cm-wide  drip  pans  were  positioned  at  the  bottom  of  the  panel, 
two  on  side  A  and  two  on  side  B,  to  collect  water  rundown  data.  Drip  pans 
were  replaced  every  30  min  during  the  test  and  weighed.  In  the  tabulation 
of  rundown  data,  AR  stands  for  the  pan  under  the  right  half  of  the  panel  as 
one  faces  side  A.  AL  is  the  pan  under  the  left  half  of  side  A,  and  BR  and 
BL  are  defined  similarly.  A  table  of  rates  of  water  rundown  is  supplied 
with  the  test  summary  for  tests  in  which  rundown  occurred. 

Tables  2  and  3  summarize  data  collected  during  the  core  and  dual  area 
test  series,  respectively,  and  allow  a  general  comparison  of  the  test  re- 


17 


u 

o 

00 

CM 

(0 

O 

o 

O 

o 

• 

ft 

4J  4) 

CM  O 

Ed 

Ed 

pH 

m 

ON 

in 

n 

0  pH 

32 

•fH 

0U 

a 

ps 

NO 

NO 

ON 

3  O 

U 

N-4 

1 

1 

1 

1 

o 

co  | 

CM 

•• 

3 

NO 

CM 

•— 4 

0) 

O 

o 

O 

On 

U  c 

■—4 

ON 

O 

U 

ON 

p^  co 

NO 

r— 

CO 

O' 

CO 

=% 

3 

o 

• 

• 

4)  4) 

• 

• 

O 

O 

00 

• 

• 

•  • 

ft 

• 

• 

ft 

ft 

ft 

3 

o 

o 

00 

>  S6 

o 

ON 

o 

m 

o 

3 

o 

o 

ON  -O 

CO 

NO 

O 

——4 

sr 

CO 

pH 

NO 

m 

O  JJ 

CM 

Mf 

NO 

^H 

ON 

■O  CM 

CO 

ON 

r» 

00 

r>. 

CM 

CM 

CM 

-A 

CM 

y— \ 

o 

o 

CM 

o 

o 

O 

co 

• 

• 

4J 

CM  O 

td 

Ed 

m 

CM 

O 

CO 

32 

•iH 

au 

&4 

ON 

•-h 

NO 

NO 

O 

<4 

U 

>-✓ 

N/ 

CM 

1 

1 

1 

pH 

O 

•O 

ON 

•• 

3 

00 

+ 

+ 

o> 

o 

ON 

NO 

1 

h 

CM  *H 

ON 

o 

u 

CM 

<r  cn. 

NO 

sr 

00 

in 

St 

>N 

c  *>l  • 

• 

NO 

4) 

•  • 

• 

o 

o 

oo 

• 

• 

•  • 

ft 

• 

ft 

• 

• 

ft 

3 

c 

ON 

ON 

ON 

> 

o  o 

O 

o 

in 

o 

3 

o 

CM 

cm 

NO 

00 

o 

NO 

in 

in 

CO 

£ 

pH 

m 

m 

O 

CO 

<r 

•iH 

ON 

vO 

CO 

n 

CM 

NO 

r-p 

o 

CM 

— H 

"H 

CM 

CM 

st 

o 

CM 

sM 

•3 

co 

• 

• 

•3 

3 

•3 

CM 

NO 

NO 

o 

4) 

4J 

3 

ON 

CM 

NO 

NO 

o 

>N  > 

t-4 

•3 

O 

*3 

•-H 

1 

| 

•—4 

rH 

3 

CM 

3 

m 

NO 

m 

3 

M 

r*» 

O 

in 

o 

1 

w  3 

4)  CD 

ON 

3 

u 

NO 

'it 

in  r"- 

o  o 

pH 

o 

>N 

CO 

• 

• 

m 

Is  O 

3  3 

• 

3 

0 

• 

• 

•  • 

• 

ft 

4J 

pH 

u 

u 

CO 

r- 

p-4 

•—4 

O' 

3  pH 

O  4) 

O 

o 

O 

3 

>-h 

ON  00 

r- 

CM 

o 

O 

o 

3 

X 

NO 

NO 

a  o 

c  a 

CO 

3 

U 

r*^ 

CM 

8 

O 

3 

Is 

m 

yN 

o 

m 

in 

•  • 

n 

o 

•3 

co 

• 

• 

O 

•• 

u 

3 

*3 

CO 

00 

vO 

CO 

o 

00 

Qu 

u 

3 

o 

o 

st 

ON 

3 

O 

*3 

1 

1 

1 

1 

|H 

o 

NO 

•• 

*»H 

o 

o 

r- 

3 

Is 

in 

o 

m 

m 

ON 

id 

ro  | 

oo 

o 

•H 

NO 

NO 

m 

pH 

0 

=4fc 

> 

CO 

• 

• 

r*» 

4) 

• 

• 

O 

o 

o 

*-» 

• 

• 

•  • 

• 

• 

4-1 

pH 

4J 

o 

3 

CM 

<r 

CM 

pH 

O 

CM 

O 

in 

o 

CM 

3 

o 

o 

O  in 

o 

o 

o 

O 

o 

3 

X 

CM 

<r 

st 

O 

CO 

<r 

x 

U 

co 

3 

o 

3 

Is 

<0 

O 

o 

O 

4J 

O 

• 

• 

3 

st 

NO 

ON 

r>. 

Q 

O 

in 

<t 

50  >N 

•3 

NO 

1 

1 

1 

( 

pH  *3 

cO  CO 

NO 

3 

NO 

CO 

► 

o 

o 

m 

O 

*J  3 

MT  —• 

00 

3 

4J 

ON 

o 

3 

r-. 

CM 

m 

u 

>N 

o 

• 

• 

NO 

Is  o 

•  • 

• 

3 

0 

• 

• 

C 

• 

• 

ft 

• 

9 

=»*= 

<0 

CO 

o 

st 

3  pH 

O  O 

ON 

o 

O 

3 

o 

o 

00 

ON 

Mt 

pH 

CO 

I 

X 

CM 

m 

st 

a  u 

CO 

3 

4J 

8 

m 

00 

CO 

CM 

a 

CM 

CM 

3 

c/5 

o 

in 

o 

4J 

00 

^-4 

• 

• 

*3 

CO 

CM 

CO 

NO 

00 

4> 

0) 

O 

<r 

■o 

NO 

ki 

*3 

H 

co 

pH 

1 

l 

1 

1 

u 

3 

NO 

3 

oo 

ON 

=<te 

tH 

o 

o 

o 

CM 

id 

0)  CO 

oo 

3 

4J 

cn 

3 

NO 

o 

ON 

o 

0) 

* 

pH 

• 

• 

in 

4) 

o  id 

• 

3 

0 

• 

• 

3 

ft 

• 

ft 

ft 

CM 

M 

CU 

CM 

r>. 

CO 

pH 

2  2 

o 

o 

O 

3 

o 

o 

O 

CO 

NO 

CM 

o 

O 

U 

< 

CM 

co 

CO 

o 

c  a 

-a- 

3 

U 

c 

NO 

NO 

CO 

pH 

CO 

• 

CM 

O 

in 

o 

•3 

NO 

CM 

• 

• 

4-» 

3 

1> 

CM 

CO 

'O 

CO 

NO 

CO 

4J 

H 

O 

m 

m 

ON 

<d 

•3 

o 

X 

CM 

—< 

1 

l 

l 

1 

o 

CO 

NO 

3 

3 

*0 

•H 

o 

o 

o 

00 

Is 

CO  | 

00 

3 

4J 

o 

CM 

3 

pH 

H 

M 

CM 

• 

• 

00 

4) 

• 

• 

3 

0 

in 

in 

C 

4J 

pH 

in 

o. 

CM 

CO 

CM 

> 

o 

o 

O 

3 

• 

• 

O 

0 

o 

O' 

* 

CM 

in 

m 

o 

CO 

3 

u 

r-4 

p4 

3 

3 

u 

co 

O 

in 

o 

-3 

•3 

CM 

CO 

• 

• 

4J 

3 

3 

CM 

NO 

CM 

m 

NO 

CD 

U 

U 

^H 

•a- 

co 

CO 

<d 

•3 

O 

o 

^s 

H 

1 

I 

I 

1 

o 

CO 

NO 

3 

3 

3 

•H 

m 

in 

in 

o 

M 

CM  | 

00 

3 

u 

pH 

3 

pH 

Is 

'O 

• 

• 

CO 

9) 

• 

• 

3 

0 

u 

pH 

8 

4J 

pH 

O 

O. 

ph 

H 

CM 

> 

o 

o 

o 

O 

3 

o 

o 

0 

O 

O 

O 

< 

^H 

'3- 

co 

0 

00 

3 

U 

8 

3 

c 

8 

O 

CO 

32 

pj 

09 

BR 

3 

2 

BL 

06 

0Q 

/■"N 

n 

U4 

0l 

o 

0 

N-*' 

’w 

bO 

bo 

y~v 

y™N 

o 

w 

bO 

<v 

4) 

M 

•H 

CM 

v-y 

bC 

bC 

N»/ 

4J 

0 

4-1 

e 

e 

u 

O 

0 

4J 

3 

3 

3 

/-N  /N 

3 

3 

0 

y-s 

Otf 

02 

be 

<  00 

C/5 

O 

H 

3 

pH 

e 

o 

H 

3 

3 

4) 

3 

3  3 

>N 

p^ 

bO 

bO 

h 

U 

« 

•3  *3 

u 

pH 

3 

U 

s-y 

3 

3 

CO 

•H 

•H 

00  pH 

in 

W 

3 

4J 

4J 

>N 

s 

®  3 

> 

L4 

U 

3 

3 

<0 

4J 

o 

w  v«/ 

•H 

3 

3 

•M 

bC 

h 

u 

0 

pH  3 

3 

£ 

< 

3 

0) 

3 

*3 

M  n 

c 

0 

&  pH 

pH 

0 

& 

a 

<d 

•H 

3  W 

‘d 

4-N 

s  a 

a 

3 

8 

o 

8 

a 

a 

•3 

>N^ 

0 

B 

bO 

3  3 

3 

» 

4 > 

3 

3 

3 

3  B 

N-^ 

w 

N-4» 

C/3  o 

O 

0 

s 

CM 

H 

H 

X 

o 

*-3  w 

3 

3 

*3 

*3 

z 

o 

M 

o 

3  O 

O 

3 

3 

X 

xi 

4) 

>>  >, 

8 

3 

w 

o  e 

a 

3 

rH 

pH 

> 

w. 

*H 

W 

a 

M  C 

u 

« 

Od 

• 

3 

3 

•H 

p 

3  -H 

H 

3 

3 

X 

00 

00 

6 

*3  O 

8 

»-H 

U  jC 

J= 

pH 

H 

o 

3 

3 

•3 

e  o 

fH 

o 

3 

0  H 

H 

3 

3 

u 

*J 

8 

►i 

4H 

pH 

u 

2  ^ 

pH 

u 

u 

O 

4J 

4J 

Cl 

CO 

•H 

M 

V 

V 

3 

O  3 

•H 

►n 

0 

3  JJ 

4-1 

o 

o 

CL 

O 

H 

Q 

3 

06 

o 

00  > 

C*4 

0u] 

H 

u*  3 

3 

H 

H 

< 

18 


Table  3.  Dual  Area  Test  Summary  Data 


suits.  The  wet  and  dry  bulb  temperatures  reported  In  these  tables  were 
measured  with  the  psychrometer ,  and  relative  humidity  was  calculated  using 
these  temperature  values.  Boundary  layer  velocity  was  measured  at  the 
center  of  the  panel  approximately  1.5  m  (5  ft)  from  the  bottom  of  the 
panel.  The  frost  samples  reported  were  collected  at  the  conclusion  of  the 
5-hr  test.  If  the  value  given  for  the  mass  of  rundown  collected  after  the 
test  is  followed  by  a  the  collection  pan  overflowed.  The  test  time 

during  which  rundown  was  collected  varied  between  240  and  300  min.  This 
should  be  considered  when  comparing  the  "total  rundown  during  tesf'values. 

Test  1 

The  fill  time,  the  time  from  the  beginning  of  LN2  filling  until  tank 
"top  off,”  for  test  1  was  80  min.  The  infrared  camera  made  it  possible  to 
monitor  the  LN2  level  in  the  tank  throughout  the  filling  process  (Fig.  19), 
and  the  level  indicator  at  the  top  of  the  tank  functioned  perfectly.  The 
fill  time  was  reduced  significantly  in  subsequent  tests  after  the  filling 
procedure  had  been  established. 


Infrared  pyrometer  measurements  of  the  panel  surface  temperatures 
quickly  stabilized  at  -18°  to  -21°C  on  side  A  and  -12°  to  -15°C  on  side  B. 
These  were  lower  than  recorded  thermocouple  readings  by  about  6°  to  10°C 
everywhere,  indicating  that  the  thermocouples  mounted  on  the  panel  were 
probably  overly  influenced  by  the  relatively  high  air  temperature.  Adjust¬ 
ments  to  the  thermocouple  mountings  were  made  prior  to  test  2.  The  mea¬ 
surement  discrepancy  was  reduced  by  remounting  the  thermocouple  with  heat- 
conductive  compound.  The  pyrometer/ thermocouple  temperature  comparison 
will  be  discussed  below  in  more  detail. 

Under  the  cold,  dry  conditions  of  thin  test,  frost  formation  was  first 
noticed  after  45  min  on  the  lower  part  of  side  A.  The  surface  of  the  panel 


I  first  became  frosted  in  all  of  the  relative  low  spots  on  side  A.  By  mid¬ 

test  there  was  frost  Intermittent  on  side  B  and  covering  most  of  side  A. 

It  was  a  light,  feathery  type  of  frost.  No  condensation  or  Ice  formation 
was  noticed  at  any  point  during  the  test.  The  first  observations  of  ice 
were  made  several  hours  after  the  test,  when  the  liquid  nitrogen  had  boiled 
off  from  the  top  of  the  tank  and  frost  melting  had  begun.  Water  from  the 
!  melting  frost  near  the  top  ran  down  the  panel  and  refroze  in  the  frost 

layers  below  to  create  patches  of  hard  ice. 

Test  2 


I 

i 


Although  this  test  was  conducted  in  a  very  different  temperature  and 
humidity  range,  frost  formation  on  the  panel  surface  initially  proceeded 
exactly  as  in  test  1.  Frost  first  appeared  in  areas  with  the  thinnest 
insulation,  especially  in  the  cavities  between  cells  of  SOFI.  The  first 
crystals  were  noticed  at  t  *  16  min  on  side  A  and  t  =■  23  min  on  side  B. 

The  frost  cover  accumulated  more  rapidly  than  in  test  1  (Fig.  20)  with  no 
evidence  of  condensation  or  ice  until  3  hr  into  the  test.  At  3  hr,  small 
droplets  of  water  were  seen  at  thick  SOFI  areas  on  side  B  (Fig.  21).  The 
condensation  process  was  observed  throughout  the  remainder  of  the  test,  but 
droplets  stayed  small  enough  that  rundown  did  not  occur.  Figure  22  shows 
the  frost  accumulation  on  both  sides  of  the  panel  at  the  end  of  the  test. 


a.  Frost  accumulation  on  side  A  during 
test  1  at  t  ■  300  min. 


b.  Heavier  frost  accumulation  on  side  A 
during  test  2  at  t  *  180  min. 


Figure  20.  Frost  accumulations  on  side  A. 
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After  reaching  a  steady  state,  the  surface  temperatures  taken  with  the 
IR  pyrometer  were  between  -9°  and  -14°C  on  side  A  and  -2°  and  -6°C  on  side 
B.  Recorded  thermocouple  temperatures  were  again  somewhat  higher  than 
those  taken  with  the  IR  pyrometer.  Again,  on  the  day  after  the  test,  run¬ 
down  from  melting  frost  was  seen  to  have  refrozen  on  the  lower  half  of  the 
panel,  causing  thick  (>  4-mm)  Ice  slabs  100  to  400  cm2  In  area  to  form 
where  there  had  only  been  frost  during  the  test. 

Test  3 

Test  3  was  conducted  In  temperatures  that  ranged  about  5°F  above  and 
below  test  1  conditions,  and  In  a  relative  humidity  range  of  between  50 
and  60%.  The  panel  surface  conditions  appeared  very  similar  to  those  of 
test  1  throughout  the  test.  The  same  type  of  light  feathery  frost  occurred 
(Fig.  23).  No  condensation  or  ice  formation  was  observed.  The  first  frost 
crystals  were  noted  on  the  lower  part  of  side  A  at  25  min.  The  frost  layer 
started  intermittently  at  the  thinner  S0FI  areas  and  gradually  covered  side 
A  completely  as  well  as  most  of  side  B. 

Once  the  liquid  nitrogen  fill  was  complete,  IR  pyrometer  temperatures 
ranged  from  about  -18°  to  -23°C  on  side  A  and  about  -12°  to  -17°C  on  side 
B.  The  next  morning  an  Ice  buildup  due  to  frost  melt  and  refreezing  was 
observed  as  before. 

Test  4 

The  designated  conditions  for  this  test  were  approximately  50°F  and 
50%  relative  humidity.  The  actual  temperature  at  the  start  of  the  test  was 
56°F.  The  temperature  decreased  by  6°F  during  the  5-hr  test  period.  The 
surface  conditions  of  the  panel  were  very  similar  to  those  discussed  In  the 
first  three  test  descriptions. 


Figure  23*  Closeups  of  feathery  frost  on  panel  surface  during  test  3. 
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a*  Side  A,  totally  covered  with  frost.  b.  Side  B,  frost-covered  on  patches. 

Figure  24.  Views  of  panel  during  test  4  at  t  ■  150  min. 

Within  25  minutes  of  the  start  of  this  test,  small  ice  crystals  were 
growing  in  the  thinner  SOFT  areas,  mostly  in  the  small  cavities  in  the  SOFI 
surface  on  both  sides  of  the  panel.  After  1  hr,  side  A  was  frosted  inter¬ 
mittently  over  most  of  the  surface  and  side  B  was  about  50X  covered  with 
discontinuous  patchy  frost.  By  t«90  min,  side  B  was  frosted  over  more  than 
90%  of  the  surface  (Fig.  24).  IR  pyrometer  temperatures  on  side  A  ranged 

from  about  -11®  to  -16°C  and  on  side  B  from  about  -5°  to  -8°C.  No  conden¬ 

sation  or  ice  formation  was  noted  during  the  test,  but  again,  the  following 
morning  frost  melt  water  had  refrozen  on  the  bottom  half  of  the  panel, 

forming  large  patches  of  dense,  thick  ice. 

Test  5 

Conditions  in  the  test  chamber  and  on  the  panel  surface  were  similar 
to  those  during  test  4;  spray  nozzles  at  either  end  of  the  test  chamber 
were  used  to  raise  the  relative  humidity  to  about  90%.  A  total  of  450  g  of 
a  mixture  of  PEG  1000,  PEG  400  and  water  having  an  8:5:5  ratio  by  weight 
was  applied  on  a  35.6-cm  x  457.2-cm  strip  to  side  A  of  the  panel.  Feathery 
frost  grew  first  in  thinner  SOFI  areas  and  spread  on  both  sides  of  the 
panel.  No  condensation  or  ice  formation  was  apparent  during  this  test  any¬ 
where  except  on  the  part  of  side  A  coated  with  PEG  (Fig.  25-27).  The  PEG 
half  of  the  panel  resisted  frost  formation,  which  occurred  everywhere  else 


a.  PEG  strip  on  side  A  of  the  panel,  test  5. 
Frost  is  suppressed,  strip  is  covered  with 
condensation. 


b.  Drip  pan  collecting  rundown  at  base  of  panel  under 
PEG  strip. 

Figure  25.  PEG  strip. 
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Figure  26.  PEG  strip  during  test  5  at  t  =  150  min.  The  strip  is  mostly  wet 
with  condensation,  but  frost  is  forming  at  the  thinner  SOFI  spots. 
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a.  Wet  frost  which  formed  on  PEG  b.  Feathery  frost  which  formed  on  the  un¬ 
strip.  coated  SOFI. 

Figure  27.  Closeups  of  frost  at  conclusion  of  test  5. 
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Table  4. 

Water  rundown 

data,  test  5. 

Test 

time  (min) 

Drip  pan 

Total 
mass  (g) 

Drip  pan 
mass  (g) 

Rundown 
(g/15  cm) 

1  60 

AR 

46.7 

45.5 

1.2 

(PEG) 

90 

AR 

49.7 

45.2 

4.5 

(PEG) 

120 

AR 

55.1 

45.5 

9.6 

(PEG) 

!  150 

AR 

57.1 

45.2 

11.9 

(PEG) 

180 

AR 

52.0 

45.5 

6.5 

(PEG) 

:•  210 

AR 

46.4 

45.2 

1.2 

(PEG) 

j  270 

AR 

45.8 

45.5 

0.3 

(PEG) 

except  at  spots  where  the  SOFI  was  the  thinnest  (Fig.  26).  Rundown  of  PEG 
solution  occurred  on  the  PEG-coated  section  of  the  panel  and  these  data  are 
presented  in  Table  4.  Eventually,  a  wet,  slushy  material  formed  on  the 
coated  area  (Fig.  27).  As  the  test  progressed,  the  slushy  material  gradu¬ 
ally  froze  into  layers  of  ice,  with  a  density  much  greater  than  that  of  the 
frost  which  occurred  on  the  uncoated  side  of  the  panel. 

Test  6 

Conditions  for  test  6  were  similar  to  those  of  test  5,  except  that  the 
humidity  was  increased  and  the  panel  conditions  at  the  start  of  the  test 
were  changed.  A  visible  artificial  fog  was  Induced  in  the  test  chamber 
using  the  two  spray  nozzles.  Distilled  water  was  used  to  saturate  the  sur¬ 
face  of  the  panel  to  simulate  condensation  on  the  ET  before  loading  of  the 
cryogenic  fuels.  Within  90  minutes  after  the  start  of  the  test,  water 
droplets  had  frozen  into  ice  hemispheres  on  thinner  SOFI  areas  on  both 
sides  of  the  panel,  and  frost  began  to  grow  on  top  of  the  ice.  There  was 
no  evidence  of  rundown  and  no  large  ice  patches  were  formed,  but  the  over¬ 
all  appearance  of  the  frost  at  the  end  of  the  test  seemed  to  be  denser  and 
less  feathery  than  the  frost  that  had  grown  directly  from  the  SOFI  surface 
In  earlier  tests. 

Test  7 

This  test  was  conducted  in  the  late  afternoon  at  relatively  high  tem¬ 
peratures  in  an  artificial  fog  environment.  Early  in  the  test  (t«30  min) 
some  of  the  cavities  between  SOFI  bubbles  on  the  lower  half  of  side  A  be¬ 
came  frosted,  or  filled  with  water,  and  similar  conditions  existed  on  side 
B  in  less  than  an  hour.  Although  both  condensation  and  frost  were  apparent 
early,  there  was  no  droplet  migration  on  either  side  of  the  panel  for  some 
time.  At  about  103  and  133  min,  water  rundown  was  first  noticed  on  sides  A 
and  B,  respectively.  This  was  the  first  test  with  temperatures  high  enough 
for  natural  rundown  to  occur  (Table  5).  Within  another  hour,  the  water 
that  had  initially  filled  cavities  on  side  A  had  frozen  and  the  ice  thick¬ 
ness  began  to  increase  as  rundown  water  passed  over  the  ice.  This  process 


a.  Side  A. 


b.  Side  B. 


Figure  28.  Panel  at  the  conclusion  of  test  7. 


continued  to  the  end  of  the  test,  resulting  in  considerable  ice  buildup  on 
the  lower  half  of  both  sides  of  the  test  panel.  The  pieces  of  ice  that  had 
formed  in  the  cavities  on  both  sides  of  the  panel  were  roughly  hemispheric¬ 
al,  with  diameters  of  3  to  5  mm,  and  often  patches  of  ice  spread  over  the 
surface  connecting  several  of  these  pieces.  Photographs  of  the  panel  at 
the  end  of  the  test  (Fig.  28-30)  reveal  the  extent  of  the  icing. 

Test  8 


For  test  8  the  spray  nozzles  were  used  to  increase  the  relative  humid¬ 
ity  in  the  test  facility  to  8 0%  and  room  temperature  water  rundown  was 
added  at  the  top  of  the  panel  at  a  rate  of  25  mL/rain.  This  total  flow  rate 
was  split  equally  between  the  two  sides  of  the  panel.  The  induced  rundown 
was  started  30  min  into  the  test.  At  that  point  some  frost  had  accumulated 
on  both  sides  of  the  panel.  Several  minutes  after  rundown  began,  distinct 
rivulets  of  water  were  visible  flowing  down  from  the  top  of  the  panel 
(Fig.  31).  At  60  min,  side  A  was  completely  wet,  and  mostly  covered  oy  a 
thin  layer  of  ice,  with  occasional  patches  of  frost.  Side  B  looked  similar 
and  freezing  of  water  rivulets  had  occurred  over  some  parts  of  both  sides 
of  the  panel  (Fig.  32).  Table  6  presents  water  rundown  data  for  both  sides 
of  the  panel  and  Table  7  gives  ice  thicknesses  and  areas  of  the  ice  patches 
on  side  B  for  several  time  intervals  during  the  test. 
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a.  Ice  patches  on 

lower  portion  of  side  B.  b. 

Close-up  of 

the  surface  of  side  B 

Figure  32.  Side  B, 

test  8. 

Table  3.  Water  rundown 

data,  test  7. 

Test 

Total 

Drip  pan 

Rundown 

time  (min) 

Drip  pan  mass  (g) 

mass  (g) 

(g/15  cm) 

180 

AL 

AR 

BL 

BR 

44.2 

47.8 

70.3 

49.8 

42.1 

45.0 

45.4 

44.4 

2.15 

2.8 

24.9 

5.4 

240 

AL 

46.0 

42.1 

3.95 

AR 

48.2 

4  5.0 

3.2 

BL 

97.1 

45.4 

51.7 

BR 

60.5 

44.4 

16.1 
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Table  6.  Water  rundown  data,  test  8 


Test 

Drip 

Total 

Drip  pan 

Rundown 

time  (min) 

pan 

mass  (g) 

mass  (g) 

(g/15  cm) 

60 

AL 

61.1 

42.4 

18.7 

AR 

52.3 

45.4 

6.9 

BL 

85.4 

45.6 

39.8 

BR 

143.9 

44.7 

99.2 

90 

AL 

52.7 

45.0 

7.7 

AR 

87.7 

45.7 

42.0 

BL 

112.3 

45.4 

66.9 

BR 

124.2 

45.5 

78.7 

120 

AL 

43.5 

42.4 

1.1 

AR 

61.8 

45.4 

16.4 

BL 

148.1 

45.6 

102.5 

BR 

116.9 

44.6 

72.3 

150 

AL 

47.1 

45.0 

2.1 

AR 

52.0 

45.7 

6.3 

BL 

139.1 

45.4 

93.7 

BR 

140.1 

45.5 

94.9 

180 

AL 

43.8 

42.4 

1.4 

AR 

46.1 

45.4 

0.7 

BL 

91.2 

45.6 

35.6 

BR 

90.4 

44.7 

45.7 

210 

AL 

55.3 

45.7 

9.6 

AR 

47.1 

45.0 

2.1 

BL 

96.5 

45.4 

51.1 

BR 

20.3 

45.5 

157.6 

240 

AL 

75.3 

42.4 

32.9 

AR 

45.8 

45.4 

0.4 

BL 

134.5 

45.6 

88.9 

BR 

74.0 

44.7 

29.3 

270 

AL 

71.6 

45.0 

26.6 

AR 

47.4 

45.7 

1.7 

BL 

148.7 

45.4 

103.3 

BR 

60.2 

45.5 

14.7 

There  seemed  to  be  no  significant  erosion  of  the  ice  layer  due  to  the 
water  rundown  at  any  time.  Ice  areas  and  thicknesses  increased  gradually 
as  the  test  progressed,  I  lough  rundown  data  suggest  that  there  were  periods 
when  less  of  the  added  water  froze,  and  times  when  some  of  it  actually 
melted.  The  radiative  effects  of  three  to  five  people  standing  next  to  the 
panel  examining  ice  thicknesses  were  at  least  partly  responsible  for  this 
phenomenon. 


Table  7.  Side  B  ice  accreClon  rates,  test  8 


Test  Sampled 

time  (min) _ ice  thickness  (mm) _ Description 


30 

2.4 

125  mm2 

2.0 

30  mm2 

1.6 

640  mm2 

90 

2.0 

(several) 

600  -  3150  mm2  spreading  from  pre- 

vious  patches 

2.0 

-  2.4 

7740  mm2  rectangular  patches 

180 

2.4 

-  3.2 

Interconnecting  of  patches  measured 
at  90  min  at  centers  of  ice  patches 

0.5 

-  1.5 

In  between  S0F1  cavities 

270 

1.6 

Continuous  ice  cover  with  variable 

thickness 

4.7 

Thicker  ice  at  thinner  SOFI 

2.0 

-  2.4 

All  of  these  measurements  were  taken 

near  the  center  of  a  thick  piece  of 
ice 

Test  9 


Test  9  was  conducted  on  an  overcast  day  in  artificial  fog  conditions 
at  a  nearly  constant  dry  bulb  temperature  of  60^.  PEG  was  tested  on  one 
half  of  side  A  of  the  panel.  A  mixture  of  450  g  of  molecular  weight  4000 
PEG  and  400  g  of  H2O  was  sprayed  over  the  1.76-m2  test  strip  on  side  A  of 
the  panel.  After  30  min,  or  just  as  the  panel  filling  was  complete,  the 
panel  surface  with  the  PEG  coating  looked  wet.  Some  frost  was  visible  on 
the  uncoated  lower  part  of  side  A  in  the  small  S0FI  cavities.  There  were 
also  some  ice  crystals  forming  in  the  deeper  S0FI  cavities  on  side  B. 

After  1  hour,  the  uncoated  half  of  side  A  was  50%  covered  by  frost  and 
rundown  had  started  on  the  PEG-coated  section.  Side  B  showed  condensation 
in  some  places  with  frost  at  the  thinner  points.  There  was  no  visible 
droplet  migration  for  the  first  90  min  of  the  test.  At  that  point  water 
droplets  about  0.8  to  1.2  nm  in  diameter,  which  covered  most  of  the  panel, 
began  to  coagulate  and  formed  droplets  about  3  to  4  mm  in  diameter.  These 
larger  drops  began  moving  down  the  panel. 

For  the  second  hour  of  the  test,  the  side  A  frost  layer  continued  to 
grow  thicker  and  wetter.  On  the  PEG  section  the  top  40%  was  wet  and  par¬ 
tially  frosted  in  the  thinner  SOFX  areas  (Fig.  33).  Thinner  spots  on  the 
lower  half  also  had  some  frost. 

Water  rundown  began  to  reach  the  bottom  of  the  panel  on  side  B  and  was 
collected  in  drip  pans  after  2  hr  (Table  8).  Next,  small  ice  patches 
(about  35  mm  in  diameter)  began  forming  in  the  thin  S0FI  spots  that  had 
previously  been  frosted  as  rundown  seeped  into  the  frost.  The  PEG  was 


Table  8.  Water  rundown  data,  test  9. 


Test 

Drip 

Total 

Drip  pan 

Rundown 

time  (min) 

pan 

mass  (g) 

mass  (g) 

(g/15  cm) 

60 

AR 

45.3 

44.9 

0.4  PEG 

90 

AR 

51.2 

45.4 

5.8  PEG 

1 

120 

AR 

55.9 

jHMHf 

11.0  PEG 

| 

| 

BL 

48.5 

3.2 

150 

AR 

77.9 

45.4 

32.5  PEG 

] 

BL 

55.5 

44.8 

10.5 

i 

180 

AL 

43.0 

42.1 

0.9 

AR 

100.1 

44.9 

55.2  PEG 

BL 

71.5 

45.3 

26-2 

BR 

49.5 

44.4 

5.1 

210 

AL 

45.1 

44.7 

0.4 

AR 

105.0 

45.4 

59.6  PEG 

BL 

68.9 

44.8 

24.1 

BR 

50.7 

44.8 

5.9 

240 

AL 

42.8 

42.1 

0.7 

AR 

98.5 

44.9 

53.6  PEG 

BL 

70.9 

45.3 

25.6 

BR 

56.6 

44.4 

12.2 

270 

AL 

44.9 

44.7 

0.2 

AR 

86.7 

45.4 

41.3  PEG 

BL 

72.7 

44.9 

27.8 

BR 

53.6 

44.9 

8.7 

300 

AL 

42.3 

42.1 

0.2 

AR 

85.7 

44.9 

40.8  PEG 

BL 

74.8 

45.3 

29.5 

BR 

171.9 

45.4 

126.5 

effective  except  at  the  very  thin  SOFI  area  at  the  top  of  the  panel.  After 
3-1/2  hr  some  Ice  patches  had  formed  on  the  uncoated  half  of  side  A  and 
rundown  was  occurring  on  all  sections  of  the  panel.  Conditions  remained 
the  same  for  the  final  1-1/2  hr  of  the  test  with  gradual  growth  of  the 
patches  of  clear  ice. 

The  rundown  on  the  left  half  of  side  A  was  much  smaller  than  anywhere 
else  both  throughout  and  after  the  test.  It  is  likely  that  less  rundown 
occurred  during  the  test  because  the  surface  was  cold  and  without  a  PEG 
coating,  so  that  more  freezing  occurred.  After  the  test,  melting  water  may 
have  been  diverted  from  the  drip  pan  under  that  section  by  the  topography 
of  the  SOFI  surface  and  the  established  rivulet  pattern. 
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Figure  33.  Side  A  of  panel  during  test  9 
at  t=150  min.  Frost  has  formed  on  the 
uncoated  part  and  rundown  can  be  seen 
on  the  PEG  strip. 


Figure  34.  Light  array  positioned  near 
top  half  of  side  B  during  test  10,  t= 
90  min. 


Test  10 


This  test  was  run  in  the  early  evening  to  midnight  under  fairly  over¬ 
cast  conditions,  but  with  a  cooling  of  the  test  chamber  of  approximately 
7°F  (3.9°C)  in  the  five  hours.  Artificial  fog  conditions  were  maintained 
and  an  1R  lamp  panel  to  simulate  incident  solar  radiation  on  the  top  half 
of  side  B  was  turned  on  at  111  rain  into  the  test  when  the  surface  tempera¬ 
ture  there  had  decreased  to  the  freezing  point  (Fig.  34).  The  heat  output 
of  the  lamp  panel  was  increased  at  180  min  and  again  at  240  min  to  keep  the 
panel  surface  temperature  in  the  vicinity  of  the  lamps  above  the  freezing 
point . 

Within  the  first  30  min,  a  light  frost  was  visible  on  the  thinner 
spots  on  side  A  and  small  (<  0.5-mm)  condensation  droplets  were  visible  on 
side  B  with  frost  in  the  SOFI  cavities.  An  hour  later,  side  A  was  about 
40%  frosted  in  all  relatively  thin  SOFI  areas  with  the  other  60%  being  wet 
from  condensation.  The  droplet  size  had  grown  on  side  B  and  some  droplet 
coalescence  and  migration  was  apparent.  At  the  end  of  2  hr  side  A  was  70% 
covered  with  frost  and  frozen  water,  and  30%  wet.  The  lamps  on  the  top 
half  of  side  B  of  the  panel  had  begun  melting  frost  so  that  the  panel  sur¬ 
face  became  very  wet  and  water  flowed  down  to  the  lower  half  of  the  panel 
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a.  Side  A  approximately  70%  frost- 
covered  . 


•  Vsr 


b.  Side  B.  frost  melted  by  heat  input 
from  lamp  array. 


Figure  35.  Panel  during  test  10,  t  *  120  min. 


Table  9.  Water  rundown  data,  test  10. 


Test 

Drip 

Total 

Drip  pan 

Rundown 

time  (min) 

pan 

mass  (g) 

mass  (g) 

(g/15  cm) 

210 

BL 

57.8 

45.3 

12.5 

240 

BL 

44.95 

44.8 

0.15 

(Fig.  35).  Water  rundown  data  for  this  test  are  presented  in  Table  9.  In 
the  next  60  min  water  rundown  from  the  top  of  side  B  filled  the  frosted 
cavities  and  depressions  in  the  S0FI  surface  on  the  lower  half  and  froze 
into  solid  pieces  of  ice.  Patches  of  ice  with  areas  greater  than  3  cm 
and  thicknesses  in  the  range  from  0.8  to  1.6  mm  were  common  at  3  hr  into 
the  test.  After  4  hours  side  A  was  about  95%  frost  covered  with  very 
little  ice  or  liquid  water  visible,  and  the  growth  of  ice  patches  on  side  B 
continued  steadily  as  water  rundown  generated  by  the  light  array  flowed 
over  them.  At  the  end  of  the  test  ice  thicknesses  measured  on  side  B 
ranged  between  1.2  and  4.8  mm.  The  diameters  of  the  ice  patches  corres¬ 
ponding  to  these  thickness  measurements  also  ranged  between  1.2  and  4.8  nm. 


a.  Side  A  of  panel  at  conclusion  of  test.  b.  Side  A  15  minutes  after  a  force!  am¬ 
bient  air  flow  was  started  with  a  fan. 
Most  of  the  frost  has  melted. 

Figure  36.  Extensive  frost  cover  during  test  10. 

After  the  test  was  completed,  an  add-on  experiment  was  performed. 

Side  A  of  the  panel  held  a  large  accumulation  of  frost.  A  fan  blowing  air 
at  room  temperature  (52°F)  was  turned  on  and  positioned  near  side  A  of  the 
panel.  Within  15  min,  most  of  the  frost  which  had  accumulated  on  that  side 
had  melted  (Fig.  36). 

Test  11 

Test  11  was  conducted  in  artificial  fog  conditions  at  relatively  high 
temperatures.  The  test  was  initiated  when  outdoor  conditions  were  general¬ 
ly  overcast,  but  due  to  gradually  clearing  skies  over  the  5-hr  period,  the 
test  chamber  experienced  a  continuous  increase  in  temperature.  The  build¬ 
ing  doors  were  closed  to  keep  the  temperature  from  increasing  even  more 
rapidly.  This  resulted  in  a  thermal  stratification  in  the  building  that  at 
times  approached  1.25°C/m. 

Despite  the  warm  test  conditions,  within  the  first  30  min  there  were 
ice  crystals  in  the  deepest  SOFI  cavities  and  some  very  light  frost  at  the 
bottom  of  both  sides  of  the  panel  (Fig.  37).  The  bottom  10%  of  side  B  also 
appeared  slightly  wet.  In  an  hour  the  PEG  on  side  A  was  wet  and  the  other 
half  of  that  side  was  frosted  in  all  the  thinner  SOFI  areas.  Side  B  was 


Table  10.  Water  rundown  data,  test  11. 


Test 

Drip 

Total 

Drip  pan 

Rundown 

time  (min) 

pan 

mass  (g) 

mass  (g) 

(g/15  cm) 

150 

AL 

50.5 

42.1 

7.4 

AR 

55.3 

44.9 

10.4  PEG 

BL 

52.0 

45.3 

6.7 

BR 

44.5 

44.1 

0.4 

180 

AL 

53.9 

44.7 

9.2 

AR 

71.7 

45.4 

25.7  PEG 

BL 

60.1 

44.8 

15.3 

BR 

47.1 

44.9 

2.2 

210 

AL 

50.0 

42.1 

7.9 

AR 

81.5 

44.9 

36.6  PEG 

BL 

58.7 

45.3 

13.4 

BR 

51.2 

44.4 

6.8 

240 

AL 

52.7 

44.7 

8.0 

AR 

89.9 

45.4 

44.4  PEG 

BL 

51.5 

44.8 

6.7 

BR 

61.8 

44.9 

16.9 

270 

AL 

51.7 

42.1 

9.6 

AR 

98.2 

44.9 

53.3  PEG 

BL 

74.9 

45.3 

29.6 

BR 

48.2 

44.4 

3.8 

300 

AL 

51.7 

44.7 

7.0 

AR 

119.3 

45.4 

53.9  PEG 

BL 

86.5 

44.8 

41.7 

BR 

51.4 

44.9 

6.5 

wet  in  the  thinner  areas.  Figure  38  shows  a  closeup  view  of  the  ice  and 
wet  frost  that  had  formed  on  side  A  by  late  in  the  test. 

Intermittent  rundown  started  on  side  B  after  about  2  hr  and  continued 
at  increasing  rates  for  the  next  3  hr  (Table  10).  During  this  test  special 
attention  was  paid  to  the  rates  of  condensation  and  rundown,  and  additional 
data  were  taken  at  side  B  at  several  points  in  the  test. 

While  the  condensation/rundown  samples  were  being  taken  on  side  B,  a 
hot  film  anemometer  was  used  to  develop  a  picture  of  the  boundary  layer 
profile  on  side  A.  These  data  are  presented  in  Table  11.  Velocity  pro¬ 
files  were  taken  across  the  boundary  layer,  perpendicular  to  the  panel  at 
four  points  along  the  panel  centerline.  Horizontal  lines  painted  on  the 
surface  of  the  panel  at  1.5-ft  (0.46-m)  increments  were  used  to  vertically 
locate  the  profiles.  Profiles  1-4  were  located  at  1.68,  1.83,  2.59  and 
2.74  m,  respectively,  from  the  top  of  the  panel.  The  velocities,  measured 
in  the  vertical  direction,  are  presented  as  a  mean  value  and  a  fluctuating 
turbulent  value.  Velocity  fluctuations  about  the  mean  are  bounded  above 


Table  11.  Boundary  layer  velocity  data,  test  11. 


Distance  to  Profile  #1  Profile  #2  Profile  #3  Profile  #4 

Panel  [cm] _ [m/s] _ [m/s] _ [m/s] _ [m/s] 


0.5 

.44 

±  .16 

.28 

+ 

.08 

.50 

±  .20 

1.5 

— 

.40 

t  .20 

.40 

+ 

.24 

.48 

±  .24 

2.5 

— 

.32 

±  .20 

.40 

± 

.24 

.46 

±  .24 

3.5 

— 

.28 

±  .24 

.36 

± 

.24 

.46 

±  .24 

4.5 

,  Ml 

.26 

±  .24 

.36 

± 

.24 

.44 

±  .28 

5.5 

— 

.28 

±  .28 

.32 

± 

.24 

.32 

±  .24 

6.5 

.24  ±  .20 

.24 

±  .24 

.24 

± 

.24 

.30 

±  .22 

7.5 

.24  ±  .20 

.20 

±  .20 

.20 

± 

.20 

.30 

±  .24 

8.5 

.18  ±  .18 

.20 

±  .20 

.16 

± 

.16 

.26 

±  .24 

9.5 

.16  ±  .16 

.16 

±  .16 

.16 

± 

.16 

.24 

±  .20 

10.5 

.16  ±  .16 

.20 

±  .20 

.20 

± 

.20 

? 

11.5 

.10  ±  .10 

.10 

±  .10 

.16 

± 

.16 

.12 

±  .12 

12.5 

.14  ±  .14 

.16 

± 

.16 

m 

13.5 

— 

— 

.20 

± 

.20 

— 

14.5 

— 

— 

.24 

± 

.24 

— 

15.5 

— 

.24 

± 

.24 

.20 

±  .20 

16.5 

... 

__ 

.28 

± 

.28 

.16 

±  .16 

17.5 

— 

— 

— 

.12 

±  .12 

and  below  by  the  magnitude  of  the  turbulent  velocity  that  is  given.  Sever¬ 
al  features  of  the  natural  convective  flow  can  be  observed  in  this  data 
set.  The  velocity  profiles  did  not  change  significantly  in  the  longitudin¬ 
al  direction.  Comparable  velocities  were  recorded  in  all  profiles  at  an 
equivalent  distance  from  the  surface.  This  is  characteristic  of  a  fully 
developed  turbulent  boundary  layer.  For  this  test  the  thickness  of  the 
boundary  layer  was  about  20  cm.  A  steep  velocity  gradient  existed  immedi¬ 
ately  adjacent  to  the  panel.  Maximum  velocities  were  recorded  between  0.5 
and  4.0  cm  from  the  panel  surface.  Further  from  the  surface,  the  magnitude 
of  the  velocity  gradually  decreased.  It  can  be  noted  that  the  magnitude  of 
the  turbulent  velocity  fluctuation  is  suppressed  in  the  immediate  vicinity 
(<1  cm)  of  the  panel.  The  propeller  anemometer  held  immediately  adjacent 
to  the  panel  at  the  location  of  profile  4  read  0.13  m/s.  This  averaged 
value  over  10  cm  is  significantly  less  than  that  determined  from  the  data 
recorded  using  the  hot  film  anemometer.  This  suggests  that,  in  low  veloci¬ 
ty  flow,  the  actual  velocity  is  underestimated  by  the  propeller  anemometer. 
At  higher  velocities,  it  is  expected  that  the  accuracy  of  this  measurement 
should  Improve  (see  Test  13). 

Because  the  ambient  temperature  reached  about  70° F  by  the  end  of  the 
test,  the  icing  on  the  panel  was  not  extensive.  Small  areas  of  frost  and 
ice  remained,  although  wetted  on  side  A  and  at  the  thinnest  spots  on  side  B 
(e.g.  thermocouple  50). 


Figure  39.  Locations  of  water 
condensation/retention  test  areas 
used  in  test  11  and  fan  location 
and  air  flow  directions  (test  12). 


To  determine  the  quantity  of  water  present  on  a  specified  area  of  the 
cryopanel  before  rundown  will  occur,  and  to  see  whether  rundown  was  heavier 
near  the  bottom  of  the  panel  after  it  had  been  allowed  to  proceed  undis¬ 
turbed  for  a  time,  the  following  measurements  were  made.  Four  areas,  each 
929  cm2  (1  ft2)  in  size  were  marked  out  at  the  top  and  bottom  of  the  panel 
and  labeled  T1  through  T4  and  B1  through  B4.  Two  additional  areas  of  the 

same  size  near  the  middle  of  the  panel  were  designated  and  labeled  RD5  and 

RD6.  Figure  39  presents  a  map  of  side  B  of  the  cryopanel  showing  the  loca¬ 
tions  of  these  areas.  At  one  hour  after  the  sta**t  of  the  test  the  areas  T1 
and  B1  were  wiped  dry  using  disposable  paper  wipes  that  had  been  previously 
weighed  in  sample  jars.  After  collecting  the  water  on  the  panel  the  wipes 
were  returned  to  the  jars  and  weighed  again  to  determine  the  amount  of 
water  on  the  panel  surface  at  that  time.  Experimentation  had  shown  that 
the  quantity  of  moisture  present  on  the  surface  could  be  determined  using 
these  wipes  with  an  accuracy  of  greater  than  90%  of  the  total  surface  mois¬ 
ture.  This  procedure  was  repeated  at  2,  3,  and  4  hr  into  the  test  for  the 

other  three  pairs  of  areas.  All  eight  areas  were  sampled  again  at  the  end 
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Table  12.  Water  condensation/retention  data,  test  11. 


Time  (min) 

Area 

Total  (g) 

Dry  container  mass  (g) 

Sample  mass  (g) 

60 

T1 

248.05 

247.52 

0.53 

B1 

248.50 

246.69 

1.81 

120 

T2 

248.11 

245.71 

2.40 

B2 

254.10 

247.13 

6.97 

180 

T3 

251.98 

247.63 

4.35 

B3 

250.70 

246.02 

4.68 

240 

T4 

254.48 

246.50 

7.98 

B4 

255.49 

246.44 

9.05 

300 

T1 

253.28 

246.07 

7.21 

B1 

254.79 

246.80 

7.99 

T2 

254.19 

245.52 

8.64 

B2 

255.52 

247.62 

7.90 

T3 

251.80 

246.48 

5.32 

B3 

253.20 

248.05 

5.15 

T4 

249.19 

246.39 

2.80 

B4 

254.50 

248.79 

5.71 

133 

RD5 

251.29 

245.74 

5.55 

166 

RD6 

257.66 

247.11 

10.55 

of  the  test 

(t-5 

hr).  A  sample 

was  taken  at  area  RD5  when 

the  condensation 

droplets  were  observed  just  starting  to  move  on  the  panel.  RD6  was  sampled 
when  rundown  was  fully  established  at  that  area.  The  water  condensation/ 
retention  data  are  given  in  Table  12. 

Test  12 


The  test  was  conducted  in  artificial  fog  conditions,  at  temperatures 
where  we  had  previously  observed  a  large  accumulation  of  frost  on  the  panel 
(see  test  2).  Thirty  minutes  after  the  start  of  the  test  a  fan  was  turned 
on  near  the  top  of  the  panel.  It  was  located  on  side  B  (Fig.  39),  and 
dominated  the  air  flow  across  the  upper  2  m  of  the  panel.  Air  flow  direc¬ 
tion  and  speed  were  measured  as  shown  in  Figure  40.  Recorded  wind  speed 
and  direction,  defined  in  Figure  39,  can  be  found  in  Table  13.  The  loca¬ 
tions  of  the  bulk  of  the  measurements  were  at  the  thermocouples.  MP1  and 
MP2  were  the  mid-points  between  the  upper  four  and  lower  four  thermocouples 
on  side  B,  respectively.  Generally,  it  can  be  said  that  the  wind  prevented 

frost  from  forming  on  the  surface  of  side  B  and  acted  to  melt  any  frost 

already  present.  At  30  min  small  patches  of  frost  were  present  in  the  low 
spots  on  both  sides  of  the  panel.  Higher  up  on  side  B  there  was  no  visible 
frost  and  condensation  occurred  there  first.  The  top  of  side  A  of  the 
panel  had  accumulated  some  frost.  When  the  fan  was  turned  on  the  frost  on 
side  A  was  affected.  The  frost  melted  on  a  roughly  1-tn-diara  semicircular 

section  of  the  panel,  near  the  edge  with  the  fan.  Figure  41  shows  the  sur¬ 

face  conditions  of  both  sides  of  the  panel  subject  to  the  forced  air  flow. 
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a.  Fan  on  side  B  prevents  frost/ice 
formation. 


b.  Partial  melt  of  frost  on  side  A  due 
to  fan-induced  air  flow. 


Figure  41.  Panel  at  t  =  270  min  during  test  12. 
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Table  13.  Forced  convection  velocities  on  side  B,  test  12 


Time  (min) 

Fan  Setting 

Location 

Wind  Speed 

Wind  Direction 

(m/s) 

30 

Low 

12 

0.75 

135° 

13 

0.14 

90 

14 

0.13 

90 

16 

0.53 

135 

17 

0.10 

90 

18 

0.0 

— 

MP1 

0.13 

90 

60 

Med 

12 

0.53 

135 

13 

0.12 

90 

14 

0.10 

90 

16 

0.76 

135 

17 

0.12 

90 

18 

0.03 

90 

MP1 

0.13 

90 

120 

High 

12 

0.62 

135 

13 

0.12 

90 

14 

0.16 

90 

16 

0.73 

135 

17 

0.03 

90 

18 

0.02 

90 

MP1 

0.04 

90 

300 

Low 

11 

0.76 

180 

12 

1.17 

135 

15 

0.82 

180 

16 

0.88 

135 

MP2 

1.09 

180 

There  was  continuous  rundown  for  the  rest  of  the  test  from  the  top  of 
side  B  where  wind  from  the  fan  kept  the  surface  too  warm  for  frost  to  form 
(Table  14).  For  the  hour  following  the  fan  startup,  this  resulted  in  small 
ice  pellets  on  the  lower  third  of  the  panel  in  SOFI  cavities  and  wetted 
frost  in  depressions  which  refroze  to  form  denser  patches  of  ice.  As  the 
test  progressed,  some  rundown  froze  in  place,  creating  an  Interconnected 
network  of  ice  pellets,  and  larger  ice  patches.  Large  patches  of  ice,  some 
about  200  to  300  cm2,  were  visible  more  than  halfway  up  the  panel.  This 
was  the  heaviest  icing  ever  observed  during  a  test. 

The  effect  of  the  fairly  regular  vertical  thickness  variation  (wavi¬ 
ness)  on  side  A  (similar  to  that  seen  on  the  ET)  was  amplified  in  the 
region  partially  affected  by  the  air  flow  from  the  fan.  At  first  a  light 
frost  covered  the  whole  region,  which  was  slightly  heavier  in  the  SOFI 
troughs  than  on  the  crests.  The  frost  melting  effect  of  the  fan  was  con¬ 
fined  to  the  SOFI  wave  crests,  and  the  meltwater  that  ran  down  the  panel 
encountered  a  thick  layer  of  frost  in  the  trough  areas.  It  quickly  froze 


Table  14.  Water  rundown  data,  test  12. 


Test 

Drip 

Total 

Drip  pan 

Rundown 

time  (min) 

pan 

mass  (g) 

mas 8  (g) 

(g/15  cm) 

150  min 

AL 

42.5 

42.1 

0.4 

AR 

45.4 

44.9 

0.5 

BL 

53.8 

45.3 

8.5 

BR 

44.9 

44.4 

0.5 

180 

AL 

44.8 

44.7 

0.1 

AR 

45.5 

44.4 

0.1 

BL 

51.0 

44.8 

6.2 

BR 

45.2 

44.9 

0.3 

210 

AL 

42.3 

42.1 

0.2 

AR 

45.0 

44.9 

0.1 

BL 

48.7 

45.3 

3.4 

BR 

45.3 

44.4 

0.9 

240 

AL 

44.8 

44.7 

0.1 

AR 

45.5 

45.4 

0.1 

BL 

50.7 

44.8 

5.9 

BR 

45.3 

44.9 

0.4 

270 

AL 

42.4 

42.1 

0.3 

AR 

45.0 

44.9 

0.1 

BL 

53.8 

45.3 

8.5 

BR 

46.1 

44.4 

1.7 

310 

AL 

44.9 

44.7 

0.2 

AR 

45.1 

45.4 

0.1 

BL 

55.2 

44.9 

10.3 

BR 

46.8 

44.9 

1.9 

to  form  a  horizontal  strip  of  ice.  There  were  several  cycles  of  an  obvious 
horizontal  pattern  of  frosted,  then  wet,  then  iced  stripes  on  the  SOFI. 

The  ice  was  of  a  thickness  and  size  to  pose  a  problem  to  the  orbiter  if  a 
similar  situation  developed  on  the  ET. 

Test  13 


Test  13  was  conducted  in  warm,  humid,  artificial  fog  conditions  with 
IR  lamps  turned  onto  the  upper  half  of  side  B  at  30  min  into  the  test. 

Both  sides  of  the  panel  were  sprayed  with  a  hose  until  the  SOFI  surface  was 
saturated  before  starting  the  LN2  fill.  By  t*30  min  enough  additional  con¬ 
densation  had  occurred  so  that  water  droplets  were  migrating  down  the  panel 
on  both  sides.  After  1  hr,  however,  most  of  the  water  on  side  A  had 
frozen;  some  water  remained  unfrozen  at  the  thicker  SOFI  areas  but  the  rest 
of  side  A  had  frost  or  frost  growth  on  top  of  ice. 


At  1  hr,  rundown  was  noted  on  side  B  and  ice  began  forming  at  the 
usual  thinner  SOFI  spots.  Ice  thicknesses  measured  on  side  B  at  this  time 


* 

4 


1 


& 


a 


.  • 


i 


Table  15. 

Water  rundown 

data,  test  13. 

Test 

Drip 

Total 

Drip  pan 

Rundown 

time  (min) 

pan 

mass  (g) 

mass  (g) 

(g/15  cm) 

60 

AL 

42.2 

42.1 

0.1 

AR 

45.1 

44.9 

0.2 

BL 

56.8 

45.3 

11.5 

BR 

45.1 

44.4 

0.7 

90 

AL 

44.7 

44.7 

0 

AR 

45.5 

45.4 

0.1 

BL 

66.3 

44.8 

21.5 

BR 

46.7 

44.9 

1.8 

120 

AL 

42.1 

42.1 

0 

AR 

44.9 

44.9 

0 

BL 

58.3 

45.3 

13.0 

BR 

46.6 

44.4 

2.2 

150 

AL 

44.7 

44.7 

0 

AR 

45.4 

45.4 

0 

BL 

61.3 

44.8 

16.5 

BR 

48.3 

44.9 

3.4 

180 

AL 

42.1 

42.1 

0 

AR 

44.9 

44.9 

0 

BL 

72.4 

45.3 

27.1 

BR 

48.1 

44.4 

3.7 

210 

AL 

44.8 

44.7 

0.1 

AR 

45.4 

45.4 

0 

BL 

88.0 

44.8 

43.2 

BR 

48.9 

44.9 

4.0 

240 

AL 

42.1 

42.1 

0 

AR 

44.9 

44.9 

0 

BL 

64.3 

45.3 

19.0 

BR 

47.1 

44.4 

2.7 

270 

AL 

44.7 

44.7 

0 

AR 

45.4 

45.4 

0 

BL 

54.1 

44.8 

9.3 

BR 

48.7 

44.9 

3.8 

ranged  between  0.4  and  0.8  ran.  After  2-1/2  hr,  side  A  was  approximately 
60%  covered  by  frost  and  patches  of  wet  ice,  and  side  B  had  significant 
icing  in  thin  spots  on  the  bottom  10%  of  the  panel  (Fig.  42).  There  were 
frozen  rundown  rivulets  forming  there  also,  ranging  from  2.0  to  3.9  mm 
thick.  The  complete  water  rundown  data  set  is  given  in  Table  15. 

A  velocity  profile  was  recorded  with  the  hot  film  anemometer  across 
the  boundary  layer.  The  profile  was  located  on  the  centerline  of  side  A,  3 
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Table  17.  Water  rundown  data,  test  14 


Test 

Drip 

Total 

Drip  pan 

Rundown 

time  (min) 

pan 

mass  (g) 

mass  (g) 

(g/15  cm) 

60 

AL 

44.6 

42.1 

2.5 

AR 

48.3 

44.9 

3.4 

BL 

55.8 

45.3 

10.5 

BR 

44.5 

44.4 

0.1 

90 

AL 

93.6 

44.7 

48.9 

AR 

139.4 

45.4 

94.0 

BL 

114.6 

44.8 

69.8 

BR 

48.6 

44.9 

3.7 

120 

AL 

99.0 

42.1 

56.9 

AR 

140.7 

44.9 

95.8 

BL 

80.1 

45.3 

34.8 

BR 

66.6 

44.4 

22.2 

150 

AL 

121.0 

44.7 

76.3 

AR 

103.7 

45.4 

68.3 

BL 

60.0 

44.8 

15.2 

BR 

50.4 

44.9 

5.5 

180 

AL 

286.1+ 

42.1 

244.0+  overflow 

AR 

116.4 

44.9 

71.5 

BL 

104.5 

45.3 

59.2 

BR 

49.5 

44.4 

5.1 

210 

AL 

49.2 

44.7 

4.5 

AR 

139.5 

45.4 

94.1 

BL 

113.9 

44.8 

69.1 

BR 

60.2 

44.9 

15.3 

240 

AL 

81.7 

42.1 

39.6 

AR 

105.1 

44.9 

60.2 

BL 

161.2 

45.3 

115.9 

BR 

123.1 

44.4 

78.7 

71.3 

115.6 

82.8 

37.2 


300 

AL 

91.6 

42.1 

49.5 

AR 

213.5 

44.9 

168.6 

BL 

267.6 

44.4 

222.3 

BR 

130.0 

44.4 

85.6 

m  from  the  top  of  the  panel.  The  velocities  measured  in  the  vertical 
direction  and  the  boundary  layer  thickness  were  greater  than  those  recorded 
in  test  11  (Table  16).  The  maximum  velocities  again  occurred  within  4  cm 
of  the  panel  and  the  general  shape  of  the  profile  was  as  before.  The  pro¬ 
peller  anemometer  recorded  an  average  velocity  over  the  10  cm  nearest  the 
panel  of  0.40  m/s.  This  value,  though  a  bit  low,  is  more  nearly  in  agree- 


270 

AL 

116.0 

44.7 

AR 

161.0 

45.4 

BL 

127.6 

44.8 

BR 

182.1 

44.9 

Table  18.  Ice  accretion  rates,  test  14. 

Test  time  (min) _ Ice  thickness  (mm) _ Description _ 

90  -  Glaze  ice  on  left  half  of  side 

_ A,  some  glaze  side  B _ 

110  0.8  Several  places  in  SOFI 

_ cavities ,  both  sides _ 

130  2.4,  1.6  In  SOFI  cavities,  interconnected 

by  glaze  ice,  side  A  2.4  ran  max, 

_ side  B  1.6  mm  max,  glazed  patches 

150  4.0  Depth  at  a  water  rivulet  frozen  in 

place,  several  cms  long;  side  A 
totally  glazed 

1.6,  2.8  Side  B,  thickest  ice  near  location 

_ _ #14 _ 

180  1.6,  2.4  Side  B  patchy  glazed  ice  covering 

hemispherical  ice  formed  in  SOFI 
cavities 

_ 3j«^l _ Thickest  at  #14,  side  B _ 

210  4.7  Side  A  many  small  areas  this  thick 

covered  by  thinner  glaze  ice 

_ 9^5 _ Frozen  water  rivulet ,  side  A _ 

240  3.1  -  4.0  Side  A,  many  areas  «  5-10  cm2  this 

thick  connected  by  thinner  glaze 

8.0  Thickest  at  bottom  of  panel,  side  A 

1.6  -  3.2  Side  B,  many  areas  -  5-10  cm2  this 

thick,  similar  to  side  A 

4.7  Large  area  -  100  cm2  ice  in  thin 

_ area  of  SOFI,  side  B _ 

ment  with  those  recorded  using  the  hot  film  anemometer  than  was  that  in 
test  11. 

Test  14 

This  test  was  conducted  during  foggy,  early  morning  conditions  with 
water  rundown  added  through  a  drip  hose  at  the  top  of  the  panel  as  in  test 
8.  The  rundown  was  initiated  approximately  30  min  after  the  start  of  the 
test.  Test  conditions  were  slightly  warmer  («  5°F,  2.7°C)  than  in  test  8, 
aud  the  rundown  rate  was  increased  to  61  mL/mln  from  25  mL/mln  used  in  test 
8.  The  relative  humidity  in  the  test  chamber  was  the  same  as  for  the  pre¬ 
vious  rundown  test,  about  80Z-85%. 


The  higher  rundown  rate  was  evident  at  the  bottom  of  the  panel  by 
higher  collection  rates  in  the  drip  pans  (Table  17).  Although  rundown 
collection  varied  from  section  to  section  during  the  test,  the  percentage 
Increase  of  water  collection  by  the  drip  pans  was  generally  smaller  than 
the  percentage  increase  in  rundown  added  at  the  top  of  the  panel.  Even 
though  the  temperature  was  higher,  ice  accretion  seemed  to  proceed  as 
quickly  or  more  quickly  than  in  test  8  (Table  18).  Again,  no  noticeable 
erosion  of  ice  thickness  due  to  an  overabundance  of  rundown  water  occurred. 

DESCRIPTION  OF  PROCESSES 

Process  of  Rundown 

As  the  SOFI  surface  temperature  cooled  below  the  dew  point,  condensa¬ 
tion  of  moisture  began.  Minute  droplets,  on  the  order  of  5  pm  in  diameter, 
first  formed  on  the  surface  and  then  grew  until  they  could  not  be  supported 
by  surface  tension.  Although  the  Inside  of  the  cavity  is  not  directly 
exposed  to  the  air  flow  along  the  SOFI  surface ,  vapor  transfer  rapidly 
transmitted  water  to  the  bottom  of  the  cavities.  Because  of  the  low  ther¬ 
mal  conductivity  of  SOFI,  large  temperature  gradients  developed  within  the 
SOFI  and  large  temperature  differences  existed  along  the  cell  surfaces. 
Since  the  temperature  inside  a  cavity  was  significantly  lower  than  at  near¬ 
by  higher  SOFI  points,  a  large  thermal  gradient  existed  which  forced  water 
vapor  into  the  cavity.  Cavities  were  gradually  filled  as  the  vapor  con¬ 
densed. 

When  there  was  a  large  amount  of  condensation,  rundown  occurred  in 
rivulets.  In  order  to  visualize  the  process  of  rundown  an  understanding  of 
the  rivulet  behavior  is  Important.  Rivulets  expended  some  of  their  water 
to  wet  their  path,  but  also  collected  some  water  from  the  drops  along  their 
passage.  The  flow  of  a  rivulet  was  occasionally  augmented  by  overgrown 
drops  located  near  it.  Progress  of  a  rivulet  was  generally  intermittent 
and  controlled  by  the  supply  of  water.  Thick  areas  on  the  SOFI  surface 
stayed  dry  until  all  thin  areas  and  cavities  were  wet. 

Part  of  the  SOFI  surface  of  the  panel  was  covered  by  small  disconnect¬ 
ed  cells  about  1  mm  in  diameter  and  many  small  cavities.  When  the  rivulets 
encountered  an  area  covered  by  these  disconnected  cells,  the  movement  of 
the  water  became  difficult  to  observe.  Apparently  the  rivulet  spread  out 
widely  around  the  disconnected  cells.  Later,  the  rivulet  might  reemerge 
nearby.  Although  rivulets  tended  to  establish  and  follow  a  specific  route, 
this  was  not  always  the  case. 

Process  of  frost  formation 

When  the  panel  surface  temperature  decreased  and  passed  quickly 
through  the  freezing  point,  no  observable  liquid  condensation  appeared. 
Frost  began  to  grow  in  the  cavities  on  the  thinner  areas  of  the  lower  por¬ 
tion  of  the  panel  within  one  hour  after  the  initiation  of  LN2  filling. 
Usually  plate  crystals  appeared  first,  In  the  cavities  between  the  cells  of 
SOFI.  According  to  the  Nakaya  diagram  (Fig.  43)  plate  crystals  like  those 
observed  on  the  SOFI  surface  grow  below  -5°C,  indicating  that  the  surface 
temperature  inside  of  the  cavity  was  often  below  -5®C.  Irregular  needles, 
the  crystal  form  found  in  warmer  growth  conditions  (Fig.  44),  was  the  type 
of  frost  usually  seen  on  the  surface  of  the  panel  during  the  later  stages 
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Figure  43.  Nakaya  diagram  show-  Figure  44.  Closeup  of  needle  frost  on  the  sur 
ing  the  dependence  of  ice  face  of  the  panel, 

crystal  type  upon  temperature. 


of  a  test  in  which  frost  formed.  Although  the  thickness  of  the  frost  fre¬ 
quently  exceeded  5  ram  within  the  5-hour  test,  the  density  of  the  frost  was 
estimated  to  be  below  0.1  g/cm3. 

Process  of  ice  formation 


Three  different  processes  of  ice  formation  were  noticed  during  the 
test  series.  The  first  was  the  in-situ  freezing  of  condensed  water  in 
cavities  between  Individual  cells  of  foam  insulation.  This  process  most 
often  occurred  after  a  large  volume  of  condensate  had  accumulated  on  the 
surface  and  the  surface  temperature  decreased  due  to  a  change  in  environ¬ 
mental  conditions  (Fig.  45). 

When  rundown  water,  produced  by  processes  discussed  earlier,  encount¬ 
ered  the  thin  SOFI  areas  where  frost  had  previously  formed,  seepage  into 
the  frost  and  then  solid  ice  formation  occurred.  This  second  mechanism  was 
observed  frequently  and  seemed  to  be  the  most  important  cause  of  heavy  ice 
formation.  An  abundant  water  supply  combined  with  the  large  thermal  con¬ 
ductivity  of  the  ice  layer  allowed  thick  ice  formation  to  occur.  During 
large  volume  rundown  conditions,  a  water  rivulet  kept  a  continuous  supply 
of  water  flowing  over  an  ice  patch,  causing  a  large  patch  of  ice  to  form 
over  a  thin  region  of  SOFI.  High  density  ice  of  thicknesses  which  exceeded 
10  nm  were  observed  as  a  result  of  this  process.  This  ice  is  a  potential 
hazard  to  the  thermal  protective  tiles  of  the  orbiter. 


Occasionally  an  Isolated  water  drop  or  a  water  rivulet  froze  onto  the 
smooth  surface  of  an  Ice  patch  without  first  spreading  out  on  the  ice  (Fig. 
46).  Such  isolated  frozen  drops  and  rivulets  were  found  when  the  surface 
temperature  was  falling  rapidly  after  rundown  had  begun. 

PYROMETER/ THERMOCOUPLE  TEMPERATURE  MEASUREMENT  CORRELATIONS 

Nineteen  thermocouples  were  placed  on  the  cryopanel.  Sixteen  of  them 
were  placed  at  points  of  SOFI  thickness  within  the  specified  tolerance 
about  the  nominal  thickness.  Two  thermocouples  were  placed  at  thin  spots 
on  each  side  of  the  panel  and  one  was  placed  at  the  thickest  area  of  SOFI 
on  side  B.  However,  data  provided  by  the  thermocouples  were  not  represen¬ 
tative  of  the  surface  temperature.  Thermocouples  measure  temperature  at 
the  point  where  they  are  located.  Moreover,  sometimes  the  thermocouples 
were  covered  by  ice  or  frost  during  a  test.  The  measurements  of  those 
thermocouples  gave  the  temperatures  at  the  interface  between  the  SOFI  and 
the  ice  or  frost. 

In  order  to  measure  a  more  representative  average  surface  temperature , 
the  Omega  infrared  pyrometer  was  used.  This  pyrometer  measures  infrared 
radiation  between  8  and  14  pm  in  wavelength  and  compares  it  with  black  body 
radiation  at  the  ambient  temperature.  The  narrow  wavelength  band  enabled 
measurements  to  be  made  at  a  distance  from  the  surface  without  significant 
attenuation  of  the  radiation  being  measured.  Information  originally  sup¬ 
plied  to  us  indicated  that  the  emissivity  of  SOFI  is  0.86.  Using  this 
emisslvlty,  a  rather  large  discrepancy  between  the  pyrometer  and  the  ther¬ 
mocouple  measurements  was  observed.  Further  studies  of  the  data  indicated 
that  an  emissivity  of  0.92  is  a  more  appropriate  value,  and  most  of  the 
subsequent  measurements  made  with  the  pyrometer  used  an  emissivity  setting 
of  0.92. 

It  was  also  noted  during  the  tests  that  the  emissivity  of  an  ice/ 
frost-covered  or  wet  SOFI  surface  can  be  considerably  different  from  the 
emissivity  of  dry  SOFI.  Surface  temperatures  measured  with  the  pyrometer 
agreed  reasonably  well  with  those  from  thermocouples  placed  near  the 
nominal  thickness  points  during  the  early  stages  of  a  test.  As  frost  or 
ice  grew  over  the  thermocouples,  the  agreement  between  the  pyrometer  and 
thermocouple-based  temperatures  became  less  consistent.  During  much  of  a 
test  when  the  SOFI  surface  became  covered  with  water,  ice  or  frost  surface 
temperature  could  be  calculated  from  the  pyrometer  reading  using  the  quad¬ 
ratic  equation  given  in  Appendix  A  with  coefficients  dependent  upon  surface 
conditions. 

SOFI  THICKNESS  VARIABILITY 

Figure  47  is  a  composite  of  infrared  photographs  of  side  A  of  the 
panel  in  which  the  wave  pattern  in  SOFI  thickness  can  be  seen.  It  illu¬ 
strates  the  effect  of  varying  SOFI  thickness  upon  panel  surface  tempera¬ 
ture.  Because  of  this  effect,  a  more  detailed  examination  of  the  SOFI 
thickness  was  performed.  Four  profiles  of  the  SOFI  thickness  were  made 
across  side  B  of  the  panel.  A  level  was  placed  on  the  surface,  resting  on 
at  least  two  of  the  thicker  SOFI  areas,  and  the  distance  from  the  edge  of 
the  level  to  the  surface  was  recorded  every  centimeter  across  the  panel. 
Several  actual  depth  measurements  were  made  to  correlate  these  measurements 
to  actual  SOFI  depth  to  within  ±  0.8  mm.  The  four  profiles  taken  at  3.16, 
3.59,  3.70  and  4.13  m  from  the  top  of  the  panel  are  presented  in  Figures 
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Figure  47.  Composite  of  IR  photo¬ 
graphs  of  the  panel  surface.  A 
regular  pattern  in  the  SOFI  thick¬ 
ness  can  be  noted. 


48-51,  respectively.  The  SOFI  depth  tapered  off  at  the  edges  of  the  panel 
so  the  end  points  from  each  profile  were  discarded  as  not  representative  of 
the  actual  depth.  The  profiles  show  that  even  if  the  surface  temperature 
at  the  nominal  thickness  (2.54  cm)  is  just  above  freezing,  there  is  a  sig¬ 
nificant  portion  of  the  surface  where  ice  will  form  if  water  is  available. 
Figure  52  is  a  histogram  of  SOFI  depth  from  the  four  125-point  profiles 
which  suggests  that  the  actual  average  SOFI  thickness  on  side  8  was  some¬ 
what  less  than  the  nominal  thickness. 


Large-scale  undulations  in  SOFI  thickness  occur  on  the  external  tank. 
The  amplitudes  of  these  undulations  were  estimated  from  a  photograph, 
assuming  that  the  undulations  were  approximately  sinusoidal  in  shape. 

These  estimates  Indicated  that  at  some  locations  the  amplitude  was  2  cm. 
This  implies  that  the  minimum  SOFI  thickness  on  the  tank  was  about  1.5  cm. 
Patches  of  ice/frost  have  always  been  observed  at  this  thickness  in  this 
test  series,  even  in  the  warmest  (about  70°F)  tests. 


SOFZ  Dapth  (mm) 


Figure  48.  Horizontal  profile  of  SOFI  thick¬ 
ness  on  side  B  of  panel,  3.16  in  from  the  top. 


Figure  49.  Horizontal  profile  of  SOFI  thickness 
on  side  B  of  panel,  3.59  m  from  the  top. 


Figure  50.  Horizontal  profile  of  SOFI  thickness 
on  side  B  of  panel,  3.70  m  from  the  top. 
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Figure  51.  Horizontal  profile  of  SOFI  thickness 
on  side  B  of  the  panel  4.13  m  from  the  top. 


Figure  52.  Histogram  of  SOFI  depth  meas¬ 
urements  on  side  B  of  the  panel.  The 
mean  SOFI  depth  was  about  1  mm  less  than 
the  nominal  depth. 


Figures  53  and  54  give  steady  state  temperature  data  from  the  thermo¬ 
couples  mounted  on  the  SOFI  surface  for  tests  1  through  8.  As  expected, 
the  surface  temperatures  for  each  SOFI  depth  varied  significantly  for  dif¬ 
ferent  ambient  conditions.  An  Interesting  feature  of  the  data  is  that  an 
Increase  In  slope  of  the  temperature  -  SOFI  depth  relationship  occurred  In 
five  of  these  tests  at  a  SOFI  depth  of  about  20  mm  (0.79  in.).  At  smaller 
depths,  panel  surface  temperature  decreased  more  quickly  as  SOFI  depth 
decreased  than  at  larger  depths.  For  tests  1  through  6,  the  tests  having 
higher  humidity  conditions  exhibit  the  slope  change.  The  formation  of  a 
relatively  heavy  frost  during  high  humidity  conditions  which  effectively 
insulates  the  thermocouples  at  the  thinner  SOFI  points  would  explain  the 
change  in  slope.  Tests  7  and  8  were  natural  and  artificial  rundown  tests, 
respectively.  The  existence  of  a  slope  change  at  »  4°C  for  the  test  7  data 
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Figure  53.  Steady-state  thermo¬ 
graph  temperatures  plotted 
against  SOFI  depth  for  tests  1 
through  4. 


Figure  54.  Steady-state  thermo¬ 
couple  temperature  plotted 
against  SOFI  depth  for  tests  5 
through  8. 


57 


m, 


and  the  lack  of  a  slope  change  In  Che  CesC  8  daCa  are  harder  Co  explain. 
Temperature  -  SOFI  depth  plots  of  other  wet  panel  tests  could  be  helpful  in 
Identifying  the  cause  of  this  difference  in  behavior. 

PEG  EFFECTIVENESS 

Three  types  of  PEG  were  tested  as  a  frost/ice  suppressant  on  side  A  of 
the  panel.  The  tested  mixtures  were  PEG  400/1000,  PEG  4000  and  PEG  6000. 
All  PEG  mixtures  were  dissolved  in  water  and  sprayed  on  a  35.6-cm-  (14- 
ln.-)  wide  strip  on  the  right  half  of  side  A.  The  mass  of  PEG  applied  was 
fixed,  450  g  (1  lb)  per  35.6-cm  x  457.2-cm  (14-in.  x  180-in.)  area  for  all 
three  mixtures.  The  PEG  400/1000  coating  was  tested  during  test  5,  PEG 
4000  during  test  9,  and  PEG  6000  during  test  11.  Although  the  frost  condi¬ 
tions  on  side  A  were  much  more  severe  than  on  side  B  where  the  SOFI  is 
thicker,  the  PEG  coatings  were  able  to  prevent  the  formation  of  frost/ice 
during  most  of  each  test,  except  at  the  thinnest  SOFI  areas. 

Although  these  coatings  were  able  to  prevent  ice  and  frost  formation 
under  the  tested  conditions,  certain  problems  were  observed.  First,  the 
concentration  of  PEG  collected  in  the  drip  pans  decreased  rather  quickly 
with  time,  indicating  that  the  effectiveness  of  the  PEG  coating  had  dimin¬ 
ished.  Secondly,  the  coating  can  be  easily  depleted  by  water  so  that  rain 
or  heavy  fog  may  cause  deterioration  of  effectiveness.  A  third  problem  is 
that  the  lower  molecular  weight  PEG,  such  as  the  400/1000  mixture,  may  melt 
slightly  above  room  temperature,  around  30°C  (86°F).  It  may  be  possible  to 
find  certin  matrix  components  (probably  water  insoluble)  that  would  retain 
the  PEG.  If  PEG  were  suspended  in  such  a  matrix  material,  abrasion  of  PEG 
would  be  slowed,  prolonging  the  effectiveness  of  these  coatings.  D.  Minsk 
of  CRREL  is  now  in  the  process  of  testing  a  variety  of  matrix  materials. 


CONCLUSIONS 

The  experimental  program,  which  was  conducted  to  investigate  the  icing 
potential  of  the  external  tank  of  the  space  shuttle,  satisfied  the  objec¬ 
tives  which  had  been  established.  After  completion  of  an  experiment,  data 
were  promptly  distributed  to  investigators  evaluating  computer  models  of  ET 
icing  and  other  analysts.  In  addition,  a  large  volume  of  observational 
Information  was  collected  and  is  contained  in  this  report.  Data  were 
collected  to  address  condensation  and  condensation  rundown  rates  on  a  SOFI 
covered  surface.  The  rivulet  formation  and  rundown  processes  were  observed 
and  described.  The  mass  of  frost/ice  which  accreted  on  the  surface  of  the 
panel  was  sampled  at  the  conclusion  of  each  test. 

A  significant  finding,  which  became  evident  early  in  the  experimental 
program,  was  that  computer  models  based  upon  the  average  SOFI  thickness 
predicted  panel  surface  temperatures  that  were  considerably  higher  than 
observed.  In  processes  involving  phase  change,  small  variations  in  condi- 
dltlons  can  have  a  large  impact  upon  the  results.  For  an  assessment  of 
icing,  the  Important  values  to  characterize  the  SOFI  are  the  minimum  thick¬ 
ness  and  range  of  thickness.  Dense  ice  formation  occurred  most  readily 
when  a  small  portion  of  the  total  surface  area  had  a  temperature  below 
freezing.  These  minimum  thickness  points  were  the  eventual  locations  of 
the  ice  formations.  Other  parts  of  the  surface,  having  temperatures  above 
the  freezing  point,  served  as  moisture  sources  due  to  vapor  condensation. 
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Measurement  of  SOFI  thickness  on  the  panel  indicated  that  the  varia¬ 
tion  was  greater  than  the  specified  tolerance  of  ±  1/4  in.  (±  6.35  mm). 

This  relatively  large  thickness  variation  has  also  been  observed  in  photo¬ 
graphs  of  the  external  tank.  A  complete  mapping  of  the  SOFI  thickness  on 
the  external  tank  would  be  a  useful  tool  in  assessing  the  icing  potential 
for  given  environmental  conditions. 

Three  ice  formation  processes  were  identified: 

1.  Freezing-in-place  of  condensed  water. 

2.  Formation  of  dense  ice  due  to  water  rundown  into  areas  containing 
frost. 

3.  Freezing  of  migrating  water  in  the  form  of  drops  or  rivulets. 

These  processes  were  accelerated  when  a  significant  portion  of  the  surface 
had  a  temperature  above  the  freezing  point.  Frequently,  the  top  of  the  ice 
protruded  above  the  SOFI  surface.  This  occurred  because  the  thermal  con¬ 
ductivity  of  ice  is  more  than  two  orders  of  magnitude  greater  than  that  of 
SOFI.  Ice  formation  of  a  size  beyond  that  specified  as  hazardous  to  the 
thermal  protective  tiles  of  the  orbiter  was  observed  in  all  tests  having 
liquid  water  available  on  the  surface.  For  the  warmer  sets  of  conditions, 
no  ice  was  expected  using  analyses  based  upon  the  average  SOFI  thickness. 

A  potential  hazard  to  the  orbiter  tiles  which  has  not  been  previously 
identified  could  occur  during  relatively  cool  and  humid  ambient  conditions 
as  a  result  of  extensive  frost  formation.  Due  to  the  large  surface  area  of 
the  external  tank,  the  avalanche  of  frost  at  liftoff  could  be  large  enough 
to  be  of  concern. 

Polyethylene  glycol  was  applied  to  the  SOFI  surface  and  tested  as  an 
approach  to  ice  suppression.  The  three  compounds  tested  were  basically 
successful  in  this  capacity  except  at  the  thinnest  SOFI  spots.  Serious 
questions  remain,  however,  concerning  the  longevity  of  the  coating  during 
high  moisture  availability  conditions. 

A  forced  air  flow  on  the  panel  was  found  to  be  an  effective  and  fast- 
acting  icing  control  technique.  The  temperature  of  the  air  which  produced 
these  results  was  not  extremely  high,  about  10°C  (50°F),  and  the  flow 
velocity  was  not  high,  about  1  m/s  (3.3  ft/s).  This  approach  holds  enough 
promise  to  warrant  further  development. 
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APPENDIX  A:  INSTRUMENTATION 


DESCRIPTION  OF  INSTRUMENTS  USED 
Data  Logger 


The  Joseph  Kaye  System  8000  data  logger  has  a  modular  design,  consist¬ 
ing  of  a  control  unit  that  is  interfaced  with  a  scanning  module  which  in 
turn  accepts  plug-ins.  System  specifications  are  given  in  Table  Al.  The 
plug-ins  used  in  our  experiments  were  one  Model  821  voltage  input  module 
and  five  Model  8226  Type  T  thermocouple  modules.  Each  thermocouple  plug-in 
includes  a  precision  ice  point  reference  circuit  which  matches  both  the 
slope  and  curvature  of  the  type  T  thermocouple  output  characteristics,  pro¬ 
viding  a  ±  0.06°C  reference  accuracy.  The  input  terminals  are  of  matching 
material. 


Table  Al.  Kaye  8000  system  specifications. 


Number  of  channels 
Scan  rate 

Stability  with  time 


Stability  with  ambient 
temperature 
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1  reading  every  2  s 

20  mV,  200  mV  and  2  V  ranges 

30  days  +1  pv,  ±0.005%  full  scale 

±0.01%  reading 

Thermocouple  type  T 

30  days,  ±0.1°C  ±0.01%  reading 

±0.8°C  ±0.02%  reading  20  mV,  200  mV  and  2  V  range 
±0.1  pv/°C  ±  0.001%  reading/ °C 
Thermocouple  type  T 
±0.01°C/°C  ±0.001%  reading/ °C 


Input  impedance 


20  mV,  200  mV,  2  V  and  thermocouple  ranges 
Greater  than  1000  MH 


Operating  temperature  20°F-110°F 

Power  105  Vac  to  125  Vac  50/60  Hz 


Thermocouple  conformity  The  conversion  of  thermocouple  voltage  to 

temperature  units  is  done  by  a  digital  computing 
circuit.  The  maximum  difference  between  that 
conversion  and  NBS  thermocouple  tables  is  0.06°C 
between  -1558C  and  425°C 


The  main  control  unit  controls  all  scanning  and  output  functions:  a 
4-1/2  digit  dual  slope  integrating  digital  volt  meter  (DVM),  a  digital 
clock  and  a  21-column  line  printer.  It  processes  the  information  obtained 
from  the  scanning  module  which  scans  each  plug-in  module.  Each  plug-in  has 
two  Internal  codes:  a  range  code  to  select  the  proper  voltage  range  in  the 
DVM  and  a  function  to  activate  the  required  digital  conversion  circuit. 

The  system  operates  as  follows.  The  control  module  initiates  a  scan 
command  to  the  scanning  module,  which  then  activates  each  plug-in  in  se¬ 
quence,  scanning  each  channel  within  the  plug-ln.  The  plug-in's  internal 
codes  indicate  to  the  control  unit  which  condition  circuit  to  use  to  pro¬ 
cess  the  signals  from  the  10  channels  within  the  plug-in.  The  signal  is 
processed  in  the  control  unit  and  sent  as  output  on  the  DVM,  the  display, 
the  printer  and  the  recorder.  The  control  unit  was  set  up  in  our  experi¬ 
ments  to  both  print  and  record  the  condition  signals  from  each  channel  once 
every  5  min.  Each  channel  was  sampled  for  2  s  with  every  scan  and  a  total 
of  50  channels  were  scanned. 

Infrared  Pyrometer 

He  measured  cryopanel  surface  temperature  remotely  using  an  Omega 
Scope  Model  2000S  hand-held,  infrared  pyrometer.  The  Omega  scope  2000  has 
an  operating  range  of  -30°C  to  1100°C. 

To  operate  the  Omega  scope  four  controls  must  be  set:  “use  stored 
data,"  "display  select,”  “scale  select”  and  “emissivity."  The  use  stored 
data  mode  enables  the  operator  to  choose  between  individual  independent 
measurements  or  accumulating  the  data  from  successive  measurements  until 
the  memory  of  the  microprocessor  is  clear.  On  all  recorded  measurements 
the  use  stored  data  option  was  set  to  "No.”  The  display  select  setting 
allows  the  operator  to  choose  a  function  setting  from  Individual  tempera¬ 
ture,  average  temperature,  maximum,  and  minimum  temperature  and  difference 
between  maximum  and  minimum  temperature.  All  temperature  measurements  were 
made  using  the  average  temperature  setting.  The  scale  select  switch  is 
used  by  the  operator  to  select  either  Fahrenheit,  Celsius  or  emissivity. 

The  emissivity  setting  can  be  changed  by  setting  the  scale  select  to  emis¬ 
sivity  and  pressing  the  up  or  down  arrow.  The  emissivity  of  SOFI  reported 
to  us ,  0.86,  was  used  in  tests  1  to  5.  Comparisons  between  pyrometer  and 
thermocouple  temperature  measurements  revealed  that  the  emissivity  of  dry 
SOFI  in  the  laboratory  condition  is  closer  to  0.92  and  this  value  was  used 
subsequently.  These  same  comparisons  revealed  that  the  emissivity  of  the 
SOFI  surface  changed  when  the  surface  was  covered  with  water,  ice  or  frost. 
This  point  is  discussed  further  in  the  Instrument  Calibration  section 
below. 

The  Omega  scope  2000S  infrared  pyrometer  combines  a  thermopile  detect¬ 
or  with  a  precise  8-to  14-ym  spectral  filter  for  low  temperature  measure¬ 
ments.  The  infrared  radiation  enters  the  front  of  the  pyrometer  (Fig.  Al) 
and  is  focused  by  a  mirror  system  onto  a  thermopile  detector  which  gene¬ 
rates  a  voltage  proportional  to  the  amount  of  infrared  energy  received. 

The  spectral  filter  is  an  integral  part  of  the  detector.  The  output  of  the 
detector  is  amplified  and  then  converted  to  a  digital  signal  by  an  analog 
to  digital  converter. 
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Figure  Al.  Schematic  diagram  of  components  and  orien¬ 
tation  of  IR  pyrometer. 


In  a  measurement  sequence,  when  the  trigger  is  pulled,  a  flag  is  moved 
in  front  of  the  detector.  The  detector  measures  the  temperature  of  the 
flag  as  a  reference  and  this  information  is  stored  in  memory.  An  ambient 
sensor  measures  the  temperature  of  the  environment.  This  information  is 
also  stored  in  memory  for  use  in  calculation  of  the  surface  temperature. 

The  microprocessor  uses  the  flag  temperature  data,  incoming  infrared 
energy  data,  ambient  sensor  data  and  detector  calibration  characteristics 
stored  in  memory  to  convert  measured  infrared  energy  to  degrees  Fahrenheit 
or  degrees  Celsius.  The  result  is  displayed  on  the  liquid  crystal  display. 

The  Instrument  will  take  four  measurements  per  second  as  long  as  the 
trigger  is  depressed.  A  new  flag  reference  temperature  is  taken  every  120 
temperature  measurements . 

The  manufacturer’s  specifications  state  that  the  NBS  traceable  accur¬ 
acy  of  the  system  is  ±  1%  of  the  reading  for  an  ambient  temperature  of  20°C 
±  5°C,  with  emissivity  set  at  1.0  when  the  target  fills  «  4°  field  of  view. 
The  ambient  temperature  operating  range  of  the  pyrometer  is  0°C  to  50°C. 

The  repeatability  of  the  system  is  0.5%  of  the  reading  at  constant  tempera¬ 
ture  and  a  target  filling  a  2°  field  of  view. 

Field  of  view  is  defined  as  a  volume  in  space  defined  by  a  cone  ex¬ 
tended  from  the  focal  point  of  the  Instrument.  This  system  is  designed  to 
collect  90%  of  the  infrared  energy  within  a  2°  cone  and  99%  within  a  4° 
cone.  To  make  accurate  absolute  temperature  measurements,  the  target  must 
fill  a  plane  through  the  4°  field  of  view.  Otherwise  the  instrument  will 
receive  Infrared  energy  from  the  area  around  the  target,  resulting  in  a 
less  accurate  measurement.  The  spot  size  is  the  diameter  of  a  circle 
formed  by  a  cross  section  of  the  field  of  view.  The  spot  size  at  the 
target  location  is  determined  by  multiplying  the  dlstance-to-target  plane 
by  the  ratio  1/30  for  a  2°  field  of  view  and  1/15  for  a  4°  field  of  view. 
The  measurements  made  during  our  experiments  were  from  a  distance  of  6  to  7 
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m  from  the  panel.  This  corresponds  to  spot  sizes  0.20  m  and  0.23  m  in 
diameter  for  a  2°  field  of  view,  and  0.40  m  and  0.47  m  in  diameter  for  a  4° 
field  of  view.  Therefore,  our  measurements  represent  90%-99%  of  the  infra¬ 
red  energy  from  a  surface  area  on  the  panel  of  between  0.0314  m2  and  0.171 
m  .  This  is  an  important  consideration  when  comparing  these  measurements 
with  the  point  surface  temperature  measurements  made  by  the  thermocouples. 

Thermocouples 


Forty  type  T  (copper-constantan)  thermocouples  were  fabricated  from 
28-gauge  and  30-gauge  thermocouple  wire.  These  thermocouples  were  mated  to 
shielded  thermocouple  cable  using  miniature  and  subminiature  type  T  thermo¬ 
couple  connectors.  The  shielded  cables  were  connected  to  the  Kaye  8000 
data  logging  system  via  model  8226  plug-ins. 

Sixteen  30-gauge  thermocouples  were  mounted  on  the  SOFI  surface  at 
numbered  locations  specified  by  the  Martin  Marietta  Corporation.  Each 
thermocouple  lead  was  run  vertically  from  either  the  top  or  bottom  of  the 
cryopanel.  The  thermocouple  wire  was  tacked  down  to  the  SOFI  surface  at 
0.30-m  intervals  with  RTV  silicone,  and  also  tacked  approximately  50  mm 
from  the  thermocouple  junction.  The  thermocouple  junction  was  then  pressed 
into  contact  with  the  SOFI  surface  and  RTV  was  applied  to  hold  it  in  place. 
After  the  first  experiment,  it  was  suspected  that  the  junctions  on  the  SOFI 
surface  were  sensing  too  much  of  the  boundary  layer  temperature  because 
they  were  not  in  good  thermal  contact  with  the  surface.  Each  junction  was 
lifted  off  the  surface  and  a  coating  of  thermal  conducting  grease  was 
spread  over  the  SOFI  surface.  The  thermocouple  junction  was  then  pressed 
back  down  onto  the  surface  and  embedded  in  the  thermal  conducting  grease. 

A  new  RTV  tacking  was  applied  approximately  50  mm  from  the  thermocouple 
junction  to  hold  the  junction  in  contact  with  the  greased  surface.  After 
the  RTV  had  cured  again,  more  conductive  grease  was  applied  over  the 
thermocouple  to  ensure  good  thermal  contact,  and  each  location  was  sprayed 
with  clear  lacquer  paint  to  encapsulate  the  contact  point. 

Four  28-gauge  thermocouples  were  installed  0.46  m  from  the  top  and 
bottom  of  the  panel,  in  contact  with  the  aluminum  panel.  Three  of  these 
were  encapsulated  in  thermal  conductive  grease  and  clear  lacquer  paint  as 
the  SOFI  surface  thermocouples  had  been.  One  was  left  in  physical  contact 
with  the  aluminum  surface,  with  no  grease  applied,  for  comparison. 

Ten  28-gauge  type  T  thermocouples  were  mounted  on  a  0.46-  x  4.6-m 
aluminum  panel  with  RTV.  The  thermocouple  junctions  were  placed  0.46  m 
from  each  other,  starting  with  the  first  one  0.23  m  from  the  top.  Each 
thermocouple  was  located  on  the  centerline  of  this  panel.  After  all  ther¬ 
mocouples  were  mounted,  the  entire  panel  was  painted  with  flat  white  spray 
lacquer.  This  emissivity  panel  was  then  hung  vertically  approximately  0.6 
m  to  the  side  of  the  cryopanel  and  was  used  in  the  tests  to  provide  a 
reference  data  set  for  the  pyrometer  measurements. 

The  remaining  28-gauge  type  T  thermocouples  were  placed  on  the  ceil¬ 
ing,  the  floor,  and  on  each  of  the  walls  of  the  test  chamber  approximately 
1.5  ra  off  the  floor. 

Three  ultra-fine  type  T  36-gauge  thermocouples  were  placed  on  the  SOFI 
surface.  Two  were  positioned  on  side  B,  one  at  a  cold  point  on  this  side 
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and  the  other  at  a  warm  point.  The  third  was  placed  on  side  A  at  a  cold 
point  accessible  from  the  floor.  These  cold  and  warm  points  were  located 
using  an  infrared  camera.  Two  more  type  T  thermocouples  were  used  as 
reference  points.  One  was  immersed  in  a  0°C  reference  bath  and  the  other 
in  a  dewar  flask  of  liquid  nitrogen. 

Dew  cell/ambient  temperature  sensor 

The  dew  point  and  ambient  temperature  at  1  and  4  m  from  the  ground 
were  continuously  monitored  using  two  General  Eastern  1200  MPS  systems. 

The  systems  were  identical  except  for  calibration  constants  and  settings 
for  the  platinum  resistance  thermometers  (PRT)  in  each  unit.  The  systems 
consist  of  the  following  components:  a  model  700  aspirated  enclosure,  a 
model  1211  MP  meteorological  dew  point  sensor,  a  50-ft  (15.2-m)  aspirator 
cable,  and  a  model  1200  EP  hygrometer  control  unit.  The  system  uses  a  two- 
stage  dew  point  sensor  employing  a  National  Bureau  of  Standards  (NBS) 
traceable  PRT  for  mirror  sensing  and  a  similar  NBS  traceable  PRT  in  a 
silver-vacuum-walled  thermal  shield  for  ambient  temperature  sensing.  Tem¬ 
perature  and  dew  point  are  measured  with  stated  accuracies  of  ±  0.2°C  over 
the  range  of  -50 °C  to  +50 °C. 

The  system  consists  of  three  electrically  independent  subsystems:  a 
system  to  automatically  control  the  mirror  surface  at  the  prevailing  dew 
point,  and  two  essentially  identical  systems  for  monitoring  the  temperature 
of  the  mirror  and  the  ambient  temperature.  The  dew  point  hygrometer  is  an 
optical  hygrometer  consisting  of  light-emitting  diodes,  photodetector, 
mirror  and  PRT,  and  PRT  in  the  thermal  shield  all  inside  an  aspirated 
enclosure.  A  fan  in  the  enclosure  draws  a  continuous  sample  of  air  across 
the  mirror.  The  dew/frost  mirror  is  cooled  by  a  Peltier  type  thermoelec¬ 
tric  cooler.  The  mirror  temperature  is  measured  by  a  PRT  embedded  in  the 
mirror.  The  control  circuits,  bridge  measurements  and  current  converting 
circuits  are  in  the  hygrometer  control  unit. 

The  unit  operates  as  follows.  The  condensation  mirror  is  illuminated 
with  a  high  intensity  solid-state  light -emit ting  diode.  A  photodetector  is 
configured  so  as  to  monitor  the  specular  component  of  the  reflected  light 
from  the  mirror.  A  separate  light-emitting  diode  and  photodetector  combi¬ 
nation  are  used  to  compensate  for  any  thermally  Induced  changes  in  the 
optical  components.  The  photodetectors  are  arranged  in  an  electrical 
bridge  circuit  such  that  the  bridge  output  current  is  large  whenever  the 
mirror  is  dry.  The  bridge  output  is  amplified  and  used  to  control  the 
direct  current  to  the  Peltier  cooler,  causing  the  mirror  to  cool  toward  the 
dew  point.  As  dew  begins  to  form,  the  specular  light  is  reduced.  This 
causes  the  bridge  output  to  reduce  towards  the  balance  point,  thereby  re¬ 
ducing  the  current  to  the  Peltier  cooler.  A  rate  feedback  loop  within  the 
amplifier  ensures  critical  response.  The  system  quickly  stabilizes  to 
maintain  a  uniform  layer  of  dew  or  frost  on  the  mirror  surface.  The  preci¬ 
sion  thermometer  embedded  in  the  mirror  monitors  the  dew  point  temperature. 

The  PRT  resistance  is  measured  by  a  three-wire  bridge  completion  con¬ 
figuration.  The  differential  output  voltage  of  this  bridge  is  amplified  by 
a  high-gain  operational  amplifier.  Another  operational  amplifier  sums  a 
small  portion  of  the  analog  output  voltage  of  the  first  amplifier  with  a 
precision  voltage  reference,  and  its  output  supplies  current  to  the  bridge. 
This  feedback  serves  to  eliminate  nonlinearities  associated  with  differen- 


tial  voltage  measurements  in  the  bridge  and  the  coefficient  of  the  second 
order  term  of  the  PRT  characteristic  equation.  The  output  voltage  of  this 
circuit  drives  the  track  and  hold  amplifier,  which  in  turn  drives  the  vol¬ 
tage  and  output  currents  that  can  be  used  to  record  the  temperature  of  the 
hygrometer  and  ambient  temperature  sensor.  Each  control  unit  contains  two 
such  bridge  circuits  along  with  the  hygrometer  control  circuit.  The  devia¬ 
tion  from  linearity  in  the  recorded  temperature  is  less  than  0.02°C  over 
the  -50°C  to  100°C  range.  The  scale  factor  is  100  mV/°C. 

Assmann  Psychrometer 

We  measured  the  saturation  temperature  and  ambient  air  temperature 
simultaneously  by  means  of  a  Cassella  Assmann  psychrometer.  The  Assmann 
psychrometer  is  an  aspirating  psychrometer  in  which  the  two  thermometers, 
wet  bulb  and  dry  bulb,  are  stationary  in  ventilated  tubes.  The  air  flow  is 
provided  by  means  of  a  spring-driven  fan.  The  spring  when  completely  wound 
provides  an  air  flow  over  both  thermometer  bulbs  for  10  min.  Each  thermo¬ 
meter  is  graduated  in  1°F  increments.  The  mercury  bulbs  themselves  are 
individually  enclosed  in  stainless  steel  heat  shields.  The  wet  bulb  has  a 
muslin  covering  which  is  saturated  with  distilled  water  before  each 
measurement.  The  procedure  followed  in  taking  the  readings  from  this 
instrument  was  as  specified  in  ASTM  Standard  E337. 

Dissolved  Oxygen  Meter 

The  oxygen  level  within  the  building  enclosing  the  test  chamber  and 
LN2  supply  tank  was  monitored  to  detect  possible  oxygen  depletion  by  an 

accidental  release  of  a  large  amount  of  nitrogen,  using  a  Beckman  Model  735 

dissolved  oxygen  analyzer.  The  oxygen  probe  contains  a  gold  cathode  and  a 

silver  anode,  separated  by  PVC  casting  and  electrically  connected  by  a 

potassium  chloride  electrolyte.  A  constant  potential  is  applied  across  the 
two  electrodes  and  a  gas-permeable  Teflon  membrane  fits  firmly  against  the 
gold  cathode  and  separates  the  electrodes  from  the  sample.  Oxygen  diffuses 
through  the  membrane  from  the  sample  and  is  reduced  at  the  gold  cathode. 

The  reaction  allows  an  electric  current  to  flow  from  anode  to  cathode  that 
is  proportional  to  the  partial  pressure  of  oxygen  in  the  sample. 

The  normal  dissolved  oxygen  reading  of  the  probe  was  48  mV.  The  read¬ 
out  was  monitored  during  the  tests  as  an  indicator  as  to  whether  there  was 
sufficient  oxygen  in  the  enclosure.  In  addition,  when  the  building  was 
closed  between  experiments,  a  parallel  output  line  was  monitored  using  a 
DVM  at  the  door  to  insure  that  there  was  sufficient  oxygen  to  enter  the 
building  and  set  up  the  next  experiment.  The  only  time  the  meter  dropped 
significantly  was  while  liquid  nitrogen  was  being  delivered  and  that  was 
traced  to  the  exhaust  from  the  delivery  truck  displacing  the  oxygen  in  the 
vicinity  of  the  probe. 


Infrared  Scanning  Camera 

An  Inframetrics  Model  525  Infrared  camera  was  used  in  the  first  three 
tests  to  observe  the  panel  surface  temperture  distribution.  The  camera 
sensed  Infrared  energy  in  the  8-  to  12-pm  wavelength  range  which  is  compar¬ 
able  to  the  range  of  the  IR  pyrometer.  However,  this  camera  is  not  capable 
of  measuring  absolute  temperature.  Use  of  the  IR  camera  was  discontinued 
after  sufficient  data  on  temperature  distribution  were  obtained. 


Figure  A2.  Photograph  of  frost  and  ice  collector: 
compressor  (A)  recirculates  air  through  the  col¬ 
lector,  the  heating  element  of  a  soldering  iron 
(B)  heats  the  air,  nozzle  (C)  direct;*  the  air 
against  the  panel,  meltwater  is  sucked  through 
orifice  (D)  and  Lucite  cylinder  (E) ,  collected 
by  desiccant  (F),  and  dried  air  is  returned  to 
the  compressor  through  return  line  (G). 


Frost  and  ice  collector 

In  order  to  measure  the  amount  of  ice  and  frost  grown  on  the  cryopanel 
a  "hot  air  frost  and  ice  collector”  (Fig.  A2)  was  developed.  The  collector 
uses  recirculating  hot  air  generated  by  a  compressor  (A)  and  a  small  hot 
air  gun  using  the  heating  element  of  a  soldering  iron  (B).  Hot  air  blown 
from  a  nozzle  (C)  melts  ice  and  frost  grown  on  the  SOFI  surface.  The  water 
is  then  sucked  through  the  orifice  (D)  surrounded  by  a  lucite  cylinder  (E) 
having  a  diameter  of  27  mm.  The  moisture  sucked  from  the  orifice  is 
collected  by  desiccant  (F)  and  dried  air  is  returned  to  the  pump  through  a 
return  line  (G).  Excess  water  not  collected  by  the  orifice  is  blotted 
using  #41  filter  paper.  The  total  weight  of  desiccant  and  filter  paper 
kept  in  the  collecting  bottle  is  measured  to  0.01  g  by  a  balance  before  and 
after  collection. 
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Since  the  collector  opening  (5.726  cm2)  does  not  cover  a  sufficient 
area  for  a  representative  sample,  collection  was  usually  made  on  100  cm2  of 
fixed  area  by  moving  the  collector.  Although  all  efforts  were  made  to  dry 
the  surface,  water  trapped  In  the  cavities  between  foam  cells  was  almost 
Impossible  to  collect.  Also  dripping  from  the  upper  surface  and  condensa¬ 
tion  on  the  still  cold  sample  surface  were  unavoidable. 


In  order  to  calibrate  the  collection  efficiency,  a  10-xl0-cm  plug  was 
cut  near  the  middle  of  a  smaller  (30-x45-cm2)  SOFI  panel.  After  weighing, 
the  plug  was  replaced  in  the  original  position  and  frost  was  grown  on  the 
surface  by  supplying  water  vapor  to  the  surface  in  a  coldroom.  After  a 
sufficient  amount  of  frost  was  grown  on  the  surface,  the  plug  was  removed 
and  weighed  to  determine  the  amount  of  frost.  Then  the  plug  was  replaced 
In  the  original  position  and  the  "hot  air  frost  and  Ice  collector"  used  to 
collect  the  frost  on  the  plug.  Before  and  after  the  frost  collection,  the 
plug  and  collecting  bottle  with  blotting  filter  paper  were  weighed  and  from 
the  difference  in  weight  the  collection  efficiency  was  calculated.  After 
several  tries,  the  collection  efficiency  stabilized  at  about  80%. 


Liquid  nitrogen  level  detector 


Because  of  space  limitations  and  extremely  low  temperatures,  a  simple 
electronic  detector  was  devised  to  sense  liquid  nitrogen  level  to  determine 
when  the  cryopanel  had  finished  filling.  The  sensor  is  a  low  resistance 
thermistor  with  a  heater  wrapped  on  it.  The  thermistor  is  kept  warm  until 
liquid  nitrogen  directly  contacts  the  sensor.  Since  heat  removal  by  boil¬ 
ing  of  liquid  nitrogen  is  far  greater  than  cooling  by  nitrogen  gas,  an 
abrupt  temperature  drop  and  a  corresponding  abrupt  increase  in  resistance 
of  the  thermistor  indicates  that  it  is  immersed  in  liquid.  The  thermistor 
constitutes  part  of  a  timing  circuit  consisting  of  Ri,  R2  and  an  inte¬ 
grated  circuit  timer  555  as  shown  in  Figure  A3.  The  oscillation  frequency 
of  the  LED  was  adjusted  to  about  4  Hz  when  the  sensor  was  not  immersed  in 
liquid  nitrogen.  The  frequency  drops  to  less  than  1/10  Hz  when  the  sensor 
is  halfway  immersed  and  the  LED  stops  flashing  completely  when  the  sensor 
is  totally  immersed  in  the  liquid  nitrogen.  The  device  clearly  indicates 
the  level  of  LN2  in  the  panel. 

Panel  pressure  indicator 


To  prevent  excess  pressure  in  the  panel,  internal  pressure  was  moni¬ 
tored  by  a  water  manometer  having  a  port  at  the  same  location  as  the  LN2 
level  sensor.  It  was  found  during  the  tests  that  the  pressure  indicator 
served  as  an  excellent  precursor  for  the  level  indicator.  The  overpressure 
of  the  panel  due  to  the  boil-off  of  LN2  was  kept  at  about  50  cm  of  water 
during  the  filling  process.  Near  the  end  of  the  filling,  the  pressure 
abruptly  dropped  and  started  to  oscillate,  indicating  that  the  panel  was 
almost  full.  The  supply  of  LN2  was  then  cut  to  decrease  the  overpressure 
to  about  2  cm  of  water,  which  maintained  the  liquid  level  so  that  the  panel 
remained  full  throughout  the  test.  The  combination  of  the  level  indicator 
and  the  pressure  indicator  was  found  to  be  an  excellent  tool  for  the  test 
operation. 

Photography 


Photographs  of  various  panel  conditions  and  frost/ice  crystals  were 


Figure  A3.  Liquid  nitrogen  level  detector 
circuit  diagram. 


made  using  a  35-mra  SLR  camera.  In  an  attempt  to  distinguish  glaze  ice  from 
water  running  down  the  panel  a  cross  polarizer  method  was  used.  A  polariz¬ 
ing  filter  having  a  vertical  E-vector  was  attached  to  an  electronic  flash 
while  an  adjustable  analyzing  filter  was  mounted  on  thr  camera  lens.  In 
the  parallel  position  of  the  polarizer  and  analyzer  it  was  expected  that 
all  light  reflected  from  the  panel  would  pass  through  the  analyzer.  In  the 
crossed  position  only  light  reflected  from  optically  anisotropic  crystals 
such  as  ice  was  expected  to  pass  through  the  analyzer. 

By  comparing  the  photographs  taken  in  crossed  and  parallel  polarizer 
positions,  it  was  hoped  that  ice/ frost  and  water  on  the  surface  could  be 
differentiated.  The  reflection  from  water  visible  in  the  parallel  polar¬ 
ized  photograph  was  absent  in  the  crossed  polarized  photograph  (Fig.  A4). 

At  the  same  time,  the  whiteness  of  the  frost  crystals  stood  out  when  the 
crossed  polarizers  were  used.  Little  difference  was  noted,  however, 
between  the  reflections  from  ice  and  dry  SOFI.  Since  SOFI  does  not  have  a 
crystalline  structure,  no  difference  was  expected  between  photographs  taken 
using  the  parallel  and  crossed  polarizer  positions.  Significant  differenc¬ 
es  were  expected  between  reflections  from  an  ice-covered  surface  and  wet  or 
dry  SOFI,  but  the  results  were  disappointing.  The  reflection  from  ice  was 
distinguishable  under  favorable  conditions,  but  the  difference  between 
photographs  taken  in  parallel  and  crossed  polarizer  positions  did  not  match 
the  contrast  obtained  with  frost.  It  was  unclear  why  this  occurred  since 
double  refraction  within  the  ice  was  expected  to  produce  good  contrast. 

One  potential  problem  is  the  imprecision  associated  with  the  manual  align¬ 
ment  of  the  analyzer,  which  is  very  sensitive  near  the  crossed  position. 
Also,  manual  comparison  of  parallel  and  crossed  polarizer  photographs  was 
tedious  and  print  quality  and  other  factors  tended  to  degrade  contrast. 
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a.  Photograph  of  side  A  of  the  panel  ta¬ 
ken  with  the  analyzer  parallel  to  the 
polarizer.  Reflections  from  the  wet 
surface  glitter  and  a  slight  contrast 
under  the  glitter  may  indicate  ice. 

When  the  photograph  was  taken  the  sur¬ 
face  was  completely  covered  by  frost, 
ice  or  wet  ice. 


b.  Same  photograph  except  that  the  po¬ 
larizer  and  analyzer  are  crossed.  The 
glitter  is  almost  completely  eliminated 
and  the  pattern  of  frost  growth  is  more 
pronounced. 


Figure  A4.  Example  of  use  of  polarizing  filter. 


A  laser  beam  scanning  system  coupled  with  a  computer-controlled 
graphic  display  may  provide  enhancement  of  the  contrast.  Such  a  system  is 
a  candidate  for  remote  sensing  of  ice,  but  further  basic  studies  need  to  be 
conducted. 

Heat  lamp  array  and  current  control 

The  system  that  was  used  to  simulate  incident  solar  radiation  consist¬ 
ed  of  four  infrared  lamps  in  a  vertical  array  0.457  m  ( 18  in.)  apart.  The 
first  lamp  was  located  0.457  m  (18  in.)  from  the  top  of  the  panel.  The 
resulting  array  was  1.83  m  (6  ft)  long.  A  calibration  of  this  configura¬ 
tion  was  performed  by  locating  the  lamp  array  approximately  1  m  from  the 
SOFI  surface,  and  plugging  each  two-lamp  segment  into  its  respective 
metered  autotransformer.  After  setting  the  voltage  at  30  V,  the  amperage 
was  measured  through  each  lamp  segment  and  the  surface  temperature  of  the 
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Table  A2.  Lamp  array  calibration  data 


V0ltB 

AmpSg 

VoltT 

AmpsT 

T  °F 

30 

2.25 

30 

2.7 

71° 

46 

2.7 

46 

3.6 

73 

60 

3.1 

60 

3.9 

76 

75 

3.4 

75 

4.4 

78 

90 

3.6 

90 

4.8 

81 

105 

4.0 

105 

5.2 

83 

I  120 

4.5 

120 

5.7 

86 

30 

2.25 

30 

2.7 

71 

45 

2.7 

45 

3.35 

75 

60 

3.1 

60 

3.9 

78 

75 

3.4 

75 

4.4 

82 

90 

3.7 

90 

4.8 

88 

105 

4.1 

105 

5.2 

91 

II  120 

4.7 

120 

5.7 

97 

Volt  B,  Amp  B  indicates  lamp  segment  on  bottom. 

Volt  T,  Amp  T  Indicates  lamp  segment  on  top. 

Data  Set  I  was  with  lamp  array  1  m  from  SOFI  surface  and  at  67° F 
starting  temp. 

Data  Set  II  was  with  lamp  array  0.75  m  from  panel  and  temp  at  start  » 
68°F. 


SOFI  was  recorded.  The  voltage  was  then  Increased  in  15-V  steps  (Table 
A2).  See  the  experimental  test  summaries  for  a  discussion  of  the  array 
usage  and  effects. 

Rundown  drip  hose 


Rundown  simulation  was  accomplished  by  delivering  water  to  the  top  of 
the  panel  through  a  hose  connected  to  a  porous  rubber  drip  hose.  A  Y-con- 
nection  at  the  top  of  the  panel  provided  a  separate  section  of  drip  hose 
for  sides  A  and  B.  A  plastic  cone  nozzle  with  a  small  hole  was  inserted 
just  before  the  drip  hose  to  control  the  rate  of  flow  to  it.  The  rate  of 
flow  through  the  nozzle  was  measured  by  turning  on  the  water  supply  and 
measuring  the  volume  of  water  discharged  into  a  graduated  cylinder  over  a 
1-hour  period.  The  flow  rate  can  be  changed  by  modifying  the  orifice  size. 

Radiometer 


Two  net  radiometers  were  located  on  either  side  of  the  panel  at  the 
midpoint  of  the  panel.  These  radiometers  consist  of  two  sensors  per  radio¬ 
meter.  The  sensors  are  back  to  back  inside  two  joined  hemispheres;  the 
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sensor  which  faced  Che  panel  sensed  the  radiation  from  the  panel,  whereas 
the  sensor  which  faced  away  from  the  panel  sensed  the  radiation  to  the 
panel  from  the  environment.  The  radiometers  were  CSIRO  net  radiometers 
type  CN1  manufactured  by  Middleton  and  Co.  Pty.  Ltd.,  Melbourne,  Austral¬ 
ia.  The  calibrated  sensitivity  at  20°C  is  specified  as  shortwave  radiation 
0.438  mV/mW  cm-2  and  longwave  radiation  0.43  mV/mW  cm-2  with  an  internal 
resistance  of  78  0. 

Other  instrumentation 


Anemometer:  A  Biram-Palter  type  anemometer  manufactured  by  Taylor 
Co.  was  used  to  measure  air  flow  velocity.  The  anemometer  has  an  overall 
diameter  of  105  mm  with  a  52-mm  dial  face  in  the  center.  The  dial  face  is 
graduated  in  increments  of  ft/mln  and  has  separate  100-  and  1000-ft/min 
dials  on  the  face. 

Hot  film  anemometer:  The  hot  film  anemometer  used  in  making  boundary 
layer  velocity  measurements  was  a  Thermo-Systems  Inc.  (TSI)  model  1050. 

The  amount  of  electrical  energy  dissipated  in  the  heated  velocity  probe  is 
a  measure  of  the  cooling  effect  of  the  fluid  flowing  past  the  probe.  The 
type  of  probe  used  was  a  quartz-coated  hot  film  sensor  which  was  connected 
to  the  anemometer  with  a  triaxial  cable.  The  cooling  effect  of  the  fluid 
passing  the  sensor  depends  on  both  the  mass  flow  rate  and  the  temperature 
difference  between  the  sensor  and  the  fluid.  The  temperature  of  the  sensor 
was  much  higher  than  the  fluid  temperature,  making  the  signal  insensitive 
to  temperature  but  very  sensitive  to  velocity.  Details  of  anemometer  cali¬ 
bration  and  operation  can  be  found  in  the  TSI  publication,  “General  System 
Information  for  1050  Series  Anemometry." 

Metered  autotransformers:  The  General  Radio  type  W5MT3A  autotrans¬ 
formers  used  had  a  voltmeter  and  ampmeter  graduated  in  2-volt  and  0.1-amp 
Increments,  respectively.  These  autotransformers  were  used  to  control  and 
measure  the  power  inputs  to  the  infrared  lamp  array  and  the  fan  used  to 
simulate  solar  radiation  and  wind  input  to  the  SOFI  panel. 

INSTRUMENT  CALIBRATION 

Data  Logger  Calibration 

Calibration  of  the  Kaye  8000  data  logger  consisted  of  setting  the  zero 
voltage  on  the  data  logger’s  digital  voltmeter  and  then  adjusting  the  full 
scale  in  the  20-mV  range.  This  was  done  by  plugging  in  a  manufacturer- 
supplied  calibration  card  into  the  plug-in  slot  #5.  The  sample  rate  on 
the  DVM  was  set  to  2  seconds  and  a  scan  was  initiated  with  all  other  plug¬ 
ins  turned  off.  The  calibration  card  switches  were  set  to  the  20-mV  range 
and  Inputs  shorted  to  check  the  zero  voltage.  The  DVM  display  was  moni¬ 
tored  and  the  zero  setting  trim  pot  of  the  DVM  was  adjusted  until  the  dis¬ 
play  read  0.000  mV.  The  next  step  was  to  connect  a  precision  constant 
voltage  source  to  the  terminal  of  the  calibration  card;  a  negative  20.00  mV 
was  applied  to  these  terminals.  A  scan  was  initiated  again  and  the  20-mV 
trim  pot  was  adjusted  as  needed  until  the  DVM  display  read  -20.000  mV  ± 

0.00 5  mV.  The  procedure  was  repeated  for  a  +20.00-mV  bias,  adjusting  the 
+20.0-mV  trim  pot  as  needed. 
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Next  the  range  switches  on  the  calibration  card  were  set  for  type  T 
thermocouple  and  the  terminal  shorted.  A  scan  was  initiated  and  the  dis¬ 
play  monitor  was  checked  to  ensure  that  it  read  0.0°C.  The  calibration 
card  was  then  removed  and  the  #5  plug-in  was  reinserted. 

The  next  step  was  to  ensure  that  the  zero  point  offset  in  each  type  T 
thermocouple  plug-in  was  properly  set.  A  thermocouple  which  was  immersed 
in  a  Joseph  Kaye  ice  point  reference  standard  was  attached  to  the  first 
channel  of  a  plug-in  module.  A  scan  was  initiated  and  the  zero  point  trim 
pot  in  the  individual  plug-in  was  adjusted  as  needed  until  the  display  read 
0.0°C.  This  was  repeated  for  each  successive  type  T  plug-in.  Upon  comple¬ 
tion  of  the  calibration  the  scan  interval  was  set  to  5  min,  sampling  rate 
to  2  s  and  the  paper  tape  recorder  was  turned  on. 

Dew  Cell  Hygrometer  Calibration 

Dr.  G.  Andreas  of  CRREL  checked  the  calibration  of  each  hygrometer 
unit  once  a  week.  He  also  Inspected  the  mirror  and  temperature  probe  at 
that  time  and  cleaned  them  if  needed.  The  instrument  was  calibrated  using 
a  precision  decade  resistance  box  supplied  by  the  manufacturer.  The  pre¬ 
cision  of  the  set  resistance  is  0.02%  nominal.  The  control  unit  was  dis¬ 
connected  from  the  probe  and  connected  to  the  decade  box  by  a  connector 
cable  manufactured  for  calibration  purposes.  A  manufacturer's  specified 
resistance  for  each  calibration  point  was  dialed  into  the  decade  box.  The 
output  voltage  was  measured  on  a  DVM  and  the  high,  low,  or  zero  point  trim 
pots  were  adjusted  as  needed  to  bring  the  bridge  circuits  into  tolerance. 
The  calibration  points  specified  were  50°C,  0°C  and  -50°C.  See  Table  A3 
for  corresponding  resistance  settings  and  Table  A4  for  calibration  data. 

Thermocouple  calibration 

The  type  T  thermocouple  and  two  thermometers  were  immersed  in  a 
chilled  oil  bath  contained  in  a  stainless  steel  Dewar  flask.  The  thermo¬ 
meters  were  an  ASTM  type  33C  51-mm  immersion  mercury-in-glass  thermometer 
and  a  Thomas  Scientific  total  Immersion  toluol  in  glass  thermometer.  The 
oil  used  was  Dow  Corning  200  silicone  fluid.  The  oil  in  a  separate  con¬ 
tainer  was  left  to  chill  in  a  -30°C  coldroom  overnight.  The  empty  Dewar 
flask  was  also  left  overnight  in  the  same  coldroom.  The  oil  was  poured 
into  the  Dewar  flask  and  a  resistance  heater  was  inserted.  The  thermo¬ 
couples  were  bundled  together  around  the  two  thermometer  bulbs,  and  a 
stirrer  was  inserted. 

The  thermocouples  were  connected  to  a  calibrated  data  logger.  The 
resistance  heater  was  plugged  into  a  Varlac.  The  variac  was  turned  on  and 
the  oil  bath  was  stirred  continuously.  The  thermometers  were  read  and  a 
simultaneous  scan  was  taken  every  5  min  on  the  data  logger.  This  procedure 
was  continued  through  the  range  of  -10°C  to  10°C.  Plots  of  thermometer- 
thermocouple  temperature  readings  are  given  in  Appendix  C. 


Pyrometer  calibration 

A  calibration  of  the  pyrometer  for  various  surface  conditions  such  as 
dry,  wet,  frosted  and  ice-covered  S0F1  was  done.  The  S0F1  used  in  this 
calibration  was  obtained  from  a  smaller  cryopanel  used  in  preliminary 
tests,  which  was  cut  into  a  disc  15  cm  (6  in.)  in  diameter.  A  round  aluml- 


*  Indicates  sensors  and  mirror  were  cleaned 


Table  A5.  Regression  constants  for  pyrometer  readout  to  surface  temperature 
conversion. 

T  ■  A  +  A  T  +  A_  (T  )2 
s  o  1  p  i  p 


Surface  Condition 

Emisslvity 

A 

0 

A1 

A2 

SOFI  Dry 

0.86 

5.216098 

E-0 

6.731222 

E-l 

-9.861062 

E-4 

0.92 

3.405229 

E-0 

7.685635 

E-l 

-1.101539 

E-3 

0.99 

2.698538 

E-0 

9.530132 

E-l 

1.282687 

E-4 

SOFI  Frost 

0.86 

5.048001 

E-0 

6.574218 

E-l 

-1.848656 

E-3 

0.92 

4.296132 

E-0 

7.972762 

E-l 

-2.267197 

E-4 

0.99 

2.593033 

E-0 

9.572755 

E-l 

1.927851 

E-3 

SOFI  Ice 

0.86 

5.436271 

E-0 

4.901986 

E-l 

-4.560984 

E-3 

0.92 

4.169392 

E-0 

5.575387 

E-l 

-4.962128 

E-3 

0.99 

4.426110 

E-0 

8.616689 

E-l 

-2.312349 

E-3 

SOFI  Wet 

0.86 

6.659087 

E-0 

7.971090 

E-l 

-3.187563 

E-3 

0.92 

5.613861 

E-0 

8.441331 

E-l 

-3.498795 

E-3 

0.99 

3.361930 

E-0 

1.079246 

E-0 

-1.100055 

E-2 

Emisslvity  Panel 

0.86 

5.023990 

E-0 

8.063926 

E-l 

-8.978424 

E-4 

Wet  and  Dry 

0.92 

3.485479 

E-0 

8.330519 

E-l 

8.453088 

E-5 

0.99 

1.219802 

E-0 

9.649695 

E-l 

-1.419050 

E-3 

num  disc  having  the  same  diameter  was  painted  with  a  flat  white  spray  paint 
like  that  used  on  the  emisslvity  panel.  A  Chrcael-Alumel  thermocouple  was 
glued  in  the  center  of  the  surface  of  each  disc.  Surface  temperature  was 
also  measured  using  a  Keithlen  Digital  thermometer  model  870. 


The  calibration  procedure  was  as  follows.  The  SOFI  disc  was  lowered 
slowly  into  a  large  mouth  Dewar  vessel  partially  filled  with  liquid  nitro¬ 
gen  until  a  desired  temperature  measured  by  the  thermocouple  was  reached 
and  had  stabilized.  The  surface  temperature  was  measured  with  the  pyro¬ 
meter  located  60  cm  above  the  SOFI  disc  at  emisslvity  settings  of  0.86, 
0.92,  and  0.99.  Next,  a  lower  temperature  was  established  by  further 
lowering  the  disc,  and  the  same  procedure  was  followed  until  the  surface 
temperature  fell  beyond  the  range  of  the  pyrometer.  A  similar  process  was 
followed  in  the  reverse  direction  for  the  warming-up  calibration.  Ice  and 
frost  were  grown  on  the  SOFI  surface  at  separate  times.  The  same  process 
was  followed  for  calibration  with  each  type  of  surface.  When  the  surface 
was  warmed  above  0°C  and  the  frost  or  ice  melted,  a  wet  surface  calibration 
was  done.  The  same  procedure  was  followed  for  the  emisslvity  panel.  From 
the  pyrometer/ thermocouple  readings,  a  quadratic  polynomial  regression  was 
determined.  The  regression  coefficients  are  presented  in  Table  A5  as  a 
function  of  surface  conditions  and  the  pyrometer  emisslvity  setting.  In 


the  regression  equation,  Tp  is  the  surface  temperature  measured  with  the 
pyrometer  and  Ts  is  the  actual  surface  temperature.  Small  but  definite 
temperature  differences  were  observed  in  the  pyrometer  readings  for  differ¬ 
ent  surface  conditions. 

Fan  calibration 

The  fan  used  in  forced  convection  experiments  was  a  55.9-cm  (22-in.) 
window  fan,  with  a  50.8-cm-  (20-in.-)  diameter  fan  opening.  The  distance 
from  blade  tip  to  hub  was  17.8  cm  (7  in.),  and  the  hub  diameter  was  7.6  cm 
(3.0  in.). 

The  velocity  profile  of  the  fan  was  measured  in  the  following  manner. 

A  Biram-Palter  anemometer  was  placed  near  the  screen  of  the  fan,  and 
located  at  the  outer  edge  of  the  opening  at  12:00,  3:00,  6:00  and  9:00 
o'clock  positions.  Measurements  were  made  for  1-min  intervals.  This  pro¬ 
cedure  was  repeated  for  each  of  the  fan  speed  settings.  The  anemometer  was 
then  placed  at  0.5  m  and  1  m  from  the  screen  on  the  center  line  and  off  the 
center  line  at  the  3:00  o'clock  position  for  1-min  intervals  at  each  loca¬ 
tion. 


Table  A6.  Fan  calibration  data. 


Velocity  near 

the  fan 

[m/s] 

Fan  Speed 

amps 

12:00 

3:00 

6:00 

9:00 

Low 

1.25 

2.85 

2.59 

2.99 

2.97 

Medium 

1.60 

3.84 

3.86 

4.35 

3.35 

High 

2.45 

4.75 

4.08 

4.69 

4.81 

Velocity 

[m/s  ] 

0.5  m  from  fan 

1.0  m  from 

fan 

Fan  Speed 

Centerline 

3:00 

Centerline 

3:00 

Low 

1.02 

1.89 

0.85 

1.43 

Medium 

1.60 

2.21 

1.55 

1.92 

High 

2.42 

2.92 

1.82 

— 

Velocity  near  panel  (m/s] 
Position 


Fan  Speed 

11 

_14 

J_7 

_18 

mid-pt 

Low 

0.76 

1.24 

0.81 

1.27 

1.06 

Medium 

1.12 

1.56 

1.20 

1.35 

1.34 

High 

1.19 

1.89 

1.-, 

1.42 

1.43 

i 

>* 

! 

»  * 
’ 

s 

. » 

.  - 

. 

c 


The  flow  velocity  near  the  surface  of  the  cryopanel  induced  by  the  fan 
was  measured  by  placing  the  fan  such  that  the  center  of  the  hub  was  0.8  m 
from  the  edge  of  the  cryopanel  and  0.5  m  out  from  the  front  of  the  cryo¬ 
panel,  resulting  in  a  30°  angle  of  incidence.  The  anemometer  was  then 
oriented  in  the  direction  of  the  flow  at  thermocouple  locations  13,  14,  17 
and  18  as  well  as  at  the  mid  point  among  all  four  of  these  points,  to 
measure  the  velocity  parallel  to  the  surface.  The  complete  calibration 
data  set  is  presented  in  Table  A6. 

SUPPLIES 

A  number  of  supplies  were  used  in  the  test  series.  These  included: 

1.  Paper  wipes  used  for  water  collection  in  the  condensation/reten¬ 
tion  test,  FSN  7920-00-965-1709,  manufactured  by  Cel-Fibe,  of  Milltown,  New 
Jersey. 

2.  Clear  lacquer  used  to  encapsulate  thermocouples  on  the  surface  of 
the  cryopanel,  FSN  8010-00-067-5436,  manufactured  by  Kerr  Chemicals  Inc., 
of  Addison,  Illinois. 

3.  Heat-conducting  compound  used  to  mount  the  thermocouples  on  the 
cryopanel  surface,  MS-1699  part  no.  107408,  manufactured  by  Honeywell  Inc., 
of  Minneapolis,  Minnesota. 

4.  Flat  white  enamel  used  to  paint  the  emisslvity  panel,  FSN  8010- 
00-584-3150,  manufactured  by  Illinois  Bronze  Paint  Co.,  of  Lake  Zurich, 
Illinois. 
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APPENDIX  B:  DETAILED  DATA  SET  FROM  TEST  SERIES 


1 est  T i ne 

In  i  n) 


0.  0 
5.  0 
10.  0 
15.  0 
20.  0 
26.  0 
30.  0 
35.  0 
40.  0 
45.  0 
50.  0 
55.  0 
60.  0 
65.  0 
70.  0 
75.  0 
80.  0 
85.  0 
90.  0 
95.  0 
ICO.  0 
105.  0 
i  10.  0 
115.  0 
120.  0 
125.  0 
130.  0 
135.  0 
140.  0 
145.  0 
150.  0 
155.  0 
160.  0 
165.  0 
170.  0 
175.  0 
180.  0 
185.  0 
190.  0 
1 95.  0 
200.  0 
205.  0 
210.  0 
215.  0 
220.  0 
225.  0 
230.  0 
235.  0 
240.  0 
245.  0 
250.  0 
255.  0 
260.  0 
265.  0 
270.  0 
275.  0 
280.  0 
285.  0 


RF3S 


C  e  i  1  i 
E  as  t 


23.  00 
20.  6 
13.  4 

10.  I 
10.  8 
12.  6 

11.  I 
1C.  9 
9.  9 
9.  5 
9.  6 
9.  2 
9.  3 
8.  1 
8.  4 
8.  2 

7.  9 

8.  3 

9.  2 
9.  2 
9.  4 
9.  7 
9.  1 

9.  7 
8.  5 
8.  1 
8.  3 
8.  3 

10.  t 
10.  1 
8.  9 
8.  1 

8.  5 

9.  1 
8.  3 

8.  4 

7.  2 

8.  0 
6.  2 
6.  2 
6.  4 
6.  2 

5.  8 

6.  4 
6.  8 
6.  6 

5.  7 

6.  7 

7.  6 

9.  4 

9.  3 
7.  3 
7.  0 
7.  4 

7.  0 

10.  1 

10.  8 

8.  1 


RUN  «1 


HI 


DRY  2112 


P  1 05 t  I  C  W  O 1  1  5 
n  5  E 


13.  X 

14,  8 
13.  6 
11.2 
9,  9 
9.  9 
9,  9 
9,  6 
9.  3 
9.  1 
9,  2 
9.  2 
9.  0 
8.  5 
8.  3 
3.  2 
8.  I 

7.  9 

3.  1 

8.  1 
8.  2 
8.  7 
8.  4 
8.  7 
8.  4 
7.  9 
7.  8 

7.  7 

8.  1 
8.  8 
8.  5 
8.  2 

7.  9 

8.  1 
7.  9 
7.  7 
7.  4 
7.  4 
6.  9 
6.  6 
6.  6 
6.  6 
6.  2 
6.  3 
6.  7 

6.  9 

7.  0 
7.  I 
7.  0 

7.  6 

0.  8 

8.  4 
7.  9 
7.  7 
7.  5 

7.  7 

8.  9 

8.  6 

I 


5.  1  C 
5,  1 

4.  9 
4.  9 
4.  9 
4.  8 


5.  7  C 
5.  6 
5.  6 
5.  5 
5.  4 
5.  4 
5.  4 
5.  5 
5.  4 
5.  3 
5.  4 
5.  4 
5.  3 
5.  2 
5.  2 
5.  2 
4.  8 
4.  3 
4.  9 
4.  9 
4.  8 
4.  7 
4.  5 
4.  6 
4.  6 
4.  4 
4.  4 
4.  3 
4.  4 
4.  5 
4.  7 
4.  4 
4.  2 
4.  4 
4.  3 
4.  4 
4.  2 
4.  5 
4.  1 
4.  1 
4.  3 
4.  2 
4.  1 
4.  4 
4.  4 
4.  4 
4.5 
4.  1 
4.  4 
4.  4 
4.  3 
4.  6 
4.  7 
4.  6 
4.  5 
4.  6 
4.  6 
4.  8 


5.  0  C 

5.  8  C 

5.  1 

6.  4 

5.  1 

6.  1 

5.  0 

5.  8 

4.  7 

5.  7 

4.  7 

5.  6 

4.  8 

5.  6 

4.  8 

5.  7 

4.  8 

5.  6 

4.  9 

5.  5 

4.  9 

5.  6 

4.  9 

5.  4 

4.  9 

5.  6 

4.  7 

5.  4 

4.  7 

5.  2 

4.  6 

5.  2 

4.  4 

5.  0 

4.  6 

5.  1 

4.  7 

5.  3 

4.  6 

5.  2 

4.  6 

5.  2 

4.  8 

5.  3 

4.  8 

5.  4 

4.  8 

5.  3 

4.  7 

5.  3 

4.  7 

5.  2 

4.  6 

5.  t 

4.  7 

5.  2 

4.  7 

5.  2 

4.  7 

5.  2 

4.  7 

5.  2 

4.  8 

5.  2 

4.  7 

5.  2 

4.  7 

5.  2 

4.  7 

5.  3 

4.  7 

5.  2 

4.  6 

5.  0 

4.  6 

5.  0 

4.  5 

5.  1 

4.  4 

5.  0 

4.  4 

4.  9 

4.  4 

5.  2 

4.  4 

5.  1 

4.  5 

4.  9 

4.  6 

4.  9 

4.  6 

5.  4 

4.  7 

5.  2 

4.  7 

5.  1 

4.  7 

5.  0 

4.  7 

5.  1 

4.  9 

5.  2 

5.  1 

5.  3 

5.  1 

5.  4 

5.  1 

5.  4 

5.  1 

5.  4 

5.  t 

5.  5 

5.  4 

5.  6 

■n 

5.6 

_ 5*_4 _ 

5.  3  C 
5.  2 
5.  2 
5.  2 
5.  0 

4.  9 

5.  1 

4.  9 

5.  1 
5.  1 
5.  1 
5.  1 
5.  1 
4.  8 
4.  8 
4.  8 
4.  7 
4.  8 

4.  9 

5.  1 
5.  8 
5.  3 
5.  I 
5.  1 
5.  1 
4.  9 
4.  9 
4.8 

4.  9 

5.  0 
55.  0 
4.  9 
4.  9 
4.  9 
4.  9 
4.  8 
4.  8 
4.  8 
4.  7 
4.  6 
4.  6 
4.  7 
4.  7 
4.  7 
4.  7 
4.  8 
4.  8 

4.  9 

5.  r 
5.  I 
5.  2 
5.  3 
5.  2 
5.  3 
5.  3 
5.  4 
5.  6 
5.  6 


flFSS 


RUN  «1 


DRY  2112 


Test  I ■ ne 


e  ad  out  b>j  Position  SIDF  n 


l  *  i  n) 

0.  0 

6.  4 

6.  1 

b.  8 

5.  0 

6.  7 

6.  2 

6.  1 

1C.  0 

6.  7 

6.  2 

6.  0 

lb.  G 

6.  4 

6,  1 

b.  7 

20.  0 

6.  1 

b.  8 

5.  6 

2b.  G 

5.  8 

5.  6 

b.  2 

30.  0 

b.  5 

5.  i 

4.  3 

35.  0 

5.  2 

4.  7 

3.  2 

40.  0 

4.  7 

4.  0 

l.  7 

4b.  0 

4.  1 

3.  1 

-0.  2 

50.  0 

3.  4 

2.  1 

-2.  4 

55.  0 

2.  6 

0.  8 

-4.  9 

GO.  0 

1.  1 

-1.0 

-9.  2 

65.  0 

-0.  7 

-3.  4 

-13.  1 

70.  0 

-3.  1 

-7.  1 

-13.  3 

75.  0 

-5.  8 

-12.  6 

-13.  3 

80.  0 

-13.  1 

-13.  5 

-12.  8 

85.  0 

-14.  4 

-13.  5 

-12.  8 

90.  0 

-13.  7 

-13.  3 

-12.  3 

9b.  0 

-13.  9 

-13.  1 

-12.  7 

100.  0 

T4.  C 

-13.  4 

-12.  9 

105.  0 

-14.  7 

-13.  1 

-12.  7 

110.  0 

-14.  3 

-13.  1 

-12.  5 

lib.  0 

-13.  3 

-12.  9 

-12.  6 

120.  0 

-13.  6 

-13.  3 

-12.  b 

1 2b.  0 

-14.  3 

-13.  4 

-12,  7 

130.  0 

-14.  7 

-13.  3 

-12.  9 

135.  0 

-13.  9 

-12.  9 

-12.  6 

140.  0 

-14.  3 

-13.  6 

-l?.  8 

14b.  0 

-15.  i 

-14.  1 

-12.  9 

ibO.  d 

-14.  C 

-13.  7 

-12.  6 

155.  0 

-14.  4 

-13.  8 

-12.8 

160.  0 

-lb.  i 

-14.  1 

-13.  0 

165.  0 

-15.  i 

-13.  9 

-12.  8 

170.  0 

-14.  6 

-13.  4 

-12.  6 

175.  0 

-14.  2 

-13.  3 

-13.  1 

180.  0 

-14.  2 

-13.  5 

-13.  2 

185.  0 

-15.  0 

-14.  3 

-13.  4 

190.  0 

-13.  9 

-14.  2 

-13.  4 

195.  0 

-14.  6 

-14.  0 

-13.  5 

200.  0 

-14.  7 

-14.  5 

-13.  5 

205.  0 

-14.  7 

-14.  9 

-13.  2 

210.  0 

-13.  8 

-14.  4 

-112. 

215.  0 

-14.  2 

-14.  2 

-12.  6 

220.  0 

-13.  9 

-13.  8 

-13.  3 

225.  0 

-14.  2 

-14.  2 

-13.  3 

230.  0 

-14.  1 

-14.  1 

-13.  0 

235.  0 

-13.  8 

-13.  8 

-13.  1 

240.  0 

-13.  4 

-13.  9 

-13.  1 

245.  0 

-13.  7 

-13.  9 

-13.  1 

250.  0 

-13.  9 

-14.  5 

-13.  0 

255-  0 

-13.  4 

-13.  7 

-12.  8 

260.  0 

-13.  1 

-13.  8 

-12.  7 

265.  0 

-13.  3 

-13.  8 

-12.  8 

270.  0 

-12.  3 

-13.  9 

-12.  9 

275.0 

-t3.  1 

-14.  3 

-12.  8 

280.  0 

-12.  4 

-13.  7 

-12.  7 

285.  0 

-11.  8 

-13.  4 

-12.  8 

FJ-i  m  ii 

_ -12.  G 

-13.  9 

-1?.  4 

5,  6 

6.  9 
6.  8 
G.  4 
6.  I 
b.  8 
b.  5 
5.  0 
4.  4 
3.  7 
3.  0 

2.  2  I 

i.  1  i 

-0.  1 
-1.  8 
-3,  8 
-7.  3 
-8.  7 
-8.  2 
-8.  7 
-9.  2 
-9.  1 
-8.  2 
-8.  8 
-8.  8 
-8.  9 
-9.  3 
-9.  2 
-9.  1 
-9.  1 
-8.  8 
-9.  1 
-9.  2 
-8.  9 
-9.  0 
-9.  2 
-7.  6 
-9.  4 
-8.  5 
-9.  3 
-9.  3 
-9.  0 
-8.  6 
-9.  3 
-9.  L 
-9.  I 
-8.  9 
-8.  7 
-8.  8 
-8.  6 
-8.  9 
-7.  7 
-7.  7 
-8.  0 
-7.  7 
-7.  9 
-6.  9 
-7.  0 


I  IIP 


6.  1 

5.  3 

6.  2 
b.  9 
5.  G 
5.  4 
5.  0 
4.  6 
3.  8 
2.  8 
1.6 
0.  1 
-2.  C 
-4.  5 
-9.  2 
-13.  2 
-13.  4 
-13.  4 
-13.  1 
-13.  5 
-13.  7 
-13.  7 
-13.  3 
-13.  4 
-14.  C 
-13.  8 
-14.  0 
-13.  7 
-13.  7 
-13.  9 
-13.  7 
-14.  1 
-13.  9 
-13.  8 
-14.  1 
-14.  1 
-14.  1 
-14.  3 
-14.  2 
-14.  3 
-14.  6 
-14.  5 
-14.  I 
-14.  0 
-14.  3 
-14.  1 
-14.  2 
-14.  2 
-14.  3 
-14.  t 
-13.  9 
-14.  1 
-13.  7 
-13.  9 
-13.  4 
-13.  6 
-13.  6 
-13.  7 

-t 


81 


RFSS 


RUN  »1 


DRY  2112 


T  est  T ■ me 

(min) 


10.  0 
15.  0 
20.  0 
25.  0 
30.  0 
35.  0 
40.  0 
45.  0 
50.0 
55.  0 
60.  0 
65.  0 
70.  0 
75.  0 
80.  0 
85.  0 
90.  0 
95.  0 
100.  0 
105.  0 
110.  0 
115.0 
120.  0 
125.  0 
130.  0 
135.  0 
140.  0 
145.  0 
150.  0 
155.  0 
160.  0 
165.  0 
170.  0 
175.  0 
180.  0 
185.  0 
190.  0 
195.  0 
200.  0 
205.0 
210.  0 
215.  0 
220.  0 
225.  0 
230.0 
235.  0 
240.0 
245.0 
250.  0 
255.0 
260.0 
265.  0 
270.0 
275.0 
280.  0 
285.0 


klMIMll 


5.  7 
5.  9 
5.  8 
5.  6 
5.  3 
5.  2 
4.  9 
4.  6 
4.  1 
3.  2 
2.  3 
1.  1 
-0.  4 
-2.  1 
-5.  4 
-9.  6 
-10.  1 
-10.  0 
-9.  8 
-10.  1 
-9.  9 
-10.  0 
-9.  5 
-9.  7 
-10.  I 
-10.  0 
-10.  4 
-10.  2 
-10.  0 
-10.  1 
-10.  I 
-to.  3 
-10.  1 
-10.  5 
-10.  1 
-10.2 
-10.  1 
-10.  4 
-10.  3 
-10.  6 
-10.7 
-10.  7 
-10.  6 
-10.  6 
-10.  5 
-10.  4 
-10.  4 
-10.' 4 
-10.  2 
-10.  1 
-10.  2 
-9.6 
-10.  I 
-9.  3 
-9.  6 
-9.  6 
-9.6 
-9.9 


-1.  4 
-8.  5 
-9.  7 
-9.  4 
-9.  7 
-13.  2 
-12.  2 
-10.  7 
-9.  3 
-9.  6 
-10.  1 
-10.  3 
-9.  9 
-10.  4 
-10.  9 
-10.  0 
-10.  3 
-10.  2 
-10.  I 
-10.  1 
-9.  9 
-9.  7 
-10.  2 
-9.  4 
-9.  7 
-9.  9 
-10.  I 
-9.  3 
-9.  7 
-9.  7 
-9.  7 
-9.  4 
-9.  2 
-8.  9 
-8.7 
-9.  3 
-8.  5 
-6.  3 
-8.  2 
-7.  5 
-7.8 
-7.  2 
-7.  1 


■■■BMC; 


DAT  2112 


TEST  TIME  IS.  Q  MINS 

SIDE  B 


Emssivitj  Panel  S0FI  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  Left  Right 


flFSS 


RUN  #  1 


DAT  2112 


RFSS 


RUN  #  1 


DRY  2112 


V 


J  TEST  TIME  60.  0  MINS 


SIDE  R 

Etnssivity  Panel 

SOF  I  P  ane 1 

Pyrometer  Data 

T  hernocoup 1 e 

P  yromet  er  Left 

R  ■  ght 

TEST  TIME  75.  0  MINS 


SIDE  B 

E  m i ss i v i t  y  P  ane 1 

SOF  1  Panel 

Pyrometer  Data 

T  hermocoup 1 e 

Pyrometer  Left 

R  i  ght 

TOP  4.7 

4.  7 

4.  0 

-6.  1 

4.  8 

4.  7 

-5.  0 

-4.  4 

4.  9 

4.  4 

-5.  5 

-5.  5 

5.  0 

4.  4 

-S.  6 

-8.  5 

5.  1 

4.  4 

-11.6 

-11.6 

5.  1 

4.  4 

-14.  1 

-13.  3 

5.  2 

4.  3 

-13.  9 

-12.  7 

5.  2 

4.  4 

-14.  4 

-13.  8 

5.  4 

4.  4 

-14.  4 

-14.  4 

_ 5.  4 

_ 4j_2 _ 

-14.  7 

-12.  7 

TOP  4.9 

5.  5 

-5.  0 

-S.  0 

5.  0 

5.  5 

-l.  3 

-2.  2 

5.  2 

5.  3 

-1.  1 

-2.  7 

5.  3 

5.  5 

-2.  2 

-3.  8 

5.  3 

5.  3 

-5.  0 

-6.  6 

5.  4 

5.  Q 

-7.  2 

-8.  8 

5.  5 

5.  0 

-12.  1 

-lb.  Q 

5.  6 

5.  0 

-18.  3 

-19.  0 

5.  7 

4.  7 

-19.  0 

-19.  0 

5.  8 

4.  4 

-17.  7 

-18.  1 

RFSS 


RUN  #  1 


DRY  2112 


jj  TEST  TIME  90.  0  MINS 


SIDE  R 

Emssi  vi  t  j  P  one  1 

S0F1  Ponel 

Pyrometer  Data 

T  hemocoup  1  e 

Pyrometer  Left 

R  ■  ght 

TCP  4.  S 

5.  3 

-32.  S 

-29.  8 

4.  7 

4.  4 

-22.  7 

-20.  0 

4.  8 

4,  8 

-20.  0 

-19.  6 

4.  9 

4.  4 

-20.  0 

-18.  8 

4.  9 

4.  2 

1 

o 

-20.  0 

5.  1 

4.  2 

-20.  0 

-20.  0 

5.  1 

4.  4 

-19.  b 

-19.  1 

5.  2 

3.  8 

-19.  4 

-20.  0 

5.  3 

3.  5 

-19.  4 

-19.  4 

5.  4 

3.  3 

-18.8 

-19.  4 

TEST  TIME  105.  0  MINS 


SIDE  B 

Emissivitg  P  one  1 

50FI  Panel 

Pyrometer  Data 

T  hermocoup 1 e 

P  yrome  t  er  Left 

R  i  ght 

4.  6 

4.  7 

-11.  6 

-lb.  5 

4.  7 

4.  4 

-12.  7 

-13.  6 

4.  8 

4.  4 

-11.6 

-12.  2 

4.  8 

4.  4 

-12.  2 

-12.  2 

4.  9 

4.  4 

-12.  7 

-11.  ’ 

5.  0 

4.  3 

-12.  7 

-12.  2 

5.  1 

4.  3 

-12.  7 

-11.  2 

5.  2 

3.  8 

-13.  8 

-11.5 

5.  3 

3.  7 

-13.  8 

-12.  7 

ijL _ 

_ 3j7 _ 

-13.  8 

-12.  7 

10P 


flFSS 


RUN  #  1 


DAT  2112 


1  TEST  TIME  120. Q  MINS 

1:1  SIDE  R 


Emssivity  Panel  SOFI  Panel  Pyrometer  Data 


T  hermocoup ! e 

P  yromet  er 

Left 

R  ■  ght 

TCP  4.7 

4.  4 

-31.6 

-28.  8 

4.  8 

4.  4 

-22.  2 

-20.  2 

4.  9 

4.  3 

-21.8 

-21.8 

4.  9 

4.  2 

-20.  3 

-20.  S 

5.  0 

3.  8 

-20.  5 

-20.  S 

5.  1 

3.  9 

-19.  4 

-21.1 

S.  2 

3.  8 

-18.  8 

-20.  1 

5.  2 

3.  8 

-20.  5 

-20.  0 

5.  4 

3.  8 

-18.  8 

-19.  7 

5.  4 

3.  5 

-18.  8 

-18.  3 

j  TEST  TIME  135. Q  MINS 

:  SIDE  B 


Em  ss  i  v  i  ty  Panel  SOFI  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  Left  R ■ ght 
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RFSS 


RUN  #  1 


DRY  2112 


TEST  TIME  150. 0  MINS 

SIDE  R 


E  m i ss i v i t  y  P  one  1 
T  hernocoup 1 e 


S 0 F  1  Panel  Pyrometer  Data 


P  yrowet  er 


Left 


R  ■  ght 


rfss 


RUN  «  1 


DRY  2112 


TEST  TIME  180.  0  MINS 

SIDE  R 

Em  ssi  v  i  ty  Panel  5  0  F  I  Panel  Pyrometer  Data 


T  hermocoup 1 e 

P  yromet er 

Left 

R  i  ght 

T  OP  4.4 

4.  4 

-28.  3 

-31.7 

4.  6 

4.  9 

-20.  3 

-22.  0 

4.  7 

4.  7 

-20.  2 

-20.  8 

4.  8 

5.  5 

-19.  4 

-20.  1 

4.  9 

5.  0 

-19.  2 

-19.  4 

5.  0 

4.  8 

-19.  0 

-18.  3 

5.  0 

5.  0 

-18.  8 

-18.  8 

5.  1 

4.  4 

-19.  0 

-18.  8 

5.  2 

4.  4 

-19.  3 

-19.  3 

5.  3 

4.  4 

i 

00 

CO 

TEST  TIME  195.  0  MINS 

SIDE  B 


Emissivity  Panel  SQF I  Panel  Pyrometer  Data 


T  hermocoup 1 e 

P  yroneter 

Left 

R  i  ght 

TOP  4.3 

5.  2 

-11.  3 

-16.  0 

4.  4 

4.  4 

-12.  2 

-12.  8 

4.  6 

5.  0 

-13.  0 

-12.  8 

4.  6 

4.  4 

-It.  0 

-11.  5 

4.  7 

5.  0 

-13.  0 

-12.  1 

4.  8 

4.  4 

-13.  6 

-12.  7 

4.  8 

4.  2 

-13.  8 

-13.  2 

4.  9 

4.  2 

-14.  6 

-13.  8 

5.  1 

3.  8 

-14.  5 

-13.  2 

5.  1 

3.  8 

-15.  0 

_ ziij7 _ 

RFSS 


RUN  *  1 


DRY  2112 


TEST  TIME  210.  0  MINS 

SIDE  R 

Emssivity  Panel  SQF1  Panel  Pyrometer  Data 


T  hermocoup 1 e 

Pyrometer 

Left 

R  •  ght 

TCP  4.2 

4.  4 

-26.  1 

-34.  4 

4.  3 

4.  4 

-22.  4 

-22.  7 

4.  4 

3.  8 

-21.6 

-21.6 

4.  6 

3.  7 

-21.6 

-20.  6 

4,  S 

3.  3 

-22.  2 

-21.6 

4.  7 

3.  3 

-22.  2 

-20.  5 

4.  8 

3.  3 

-21.6 

-21.6 

4.  8 

2.  7 

-21.6 

-21.6 

4.  9 

2.  7 

-20.  6 

-20.  9 

4.  9 

2.  7 

-18.  8 

-20.  0 

TEST  TIME  22S.  Q  MINS 

SIDE  B 

Eimssi  vity  Panel  SQFI  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  Left  Right 


flFSS 


RUN  #  1 


DRY  2112 


TEST  TIME  240, Q  MINS 

SIDE  R 


Emssivity  Panel  S0F[  Panel  Pyroneter  Dota 


T  hennocoup 1 e 

P  gro-net  er 

Left 

R  1  ght 

TCP  4.3 

2.  7 

r  -28.  3 

-31.6 

4.  4 

3.  4 

-21.  S 

-22.  7 

4.  5 

3.  3 

-21.6 

-22.  2 

4.  6 

3.  3 

-22.  2 

-21.6 

4.  7 

2.  7 

-23.  7 

-22.  1 

4.  8 

2.  7 

-21.6 

-21.6 

4.  8 

2.  7 

-20.  5 

-20.  0 

4.  9 

2,  7 

-20.  5 

-20.  5 

4.  9 

2,  7 

-20.  5 

-20.  5 

5.  G 

2.  S 

■HRERIh 

-20.  0 

TEST  TIME  255.  0  MINS 

SIDE  B 


Em  ssi  vi  ty  P onel 
T  hernocoup  1  e  Pgrotieten 


SQFl  Panel  Pyroneter  Data 
L ef  t  R  ■  aht 


fl  F  S  S 

RUN  *  1 

DAT  2112 

TEST  TIME 

270. 0  MINS 

SIDE  fl 

Emssivitj  Panel 

S0FI 

Panel  Pyrometer  Data 

T  hemocoup  1  e 

P  gro'net  er 

Left  R • ght 

TEST  TIME  285. 0  MINS 

SIDE  B 


Emssivitj  P ane  1 
T  hemocoup  1  e  Pyrometer 


TCP 


5GFI  Panel  Pyrometer  Data 


Left 


R  ■  ght 


flFSS 


RUN  «2 


DRY  21  IS 


Test  T ■ *e 
l  ti  i  n) 

snsgggjjj 

||Q 

Rad'Qfneters  ■»/<-.«  2 

H  est  East 

0.  0 

11.  0  c 

It.  7  C 

10.  3  C 

11.3  C 

-0. 230 

-0.  230 

5.  0 

10.  9 

11.  8 

10.  5 

11.  4 

-0. 230 

-0. 230 

10.  0 

11.0 

11.  8 

10.  5 

il.  3 

0.  000 

0.  000 

15.  0 

1C.  9 

11.  7 

10.  3 

11.  2 

0.  230 

0.  690 

20.  0 

10.  8 

11.  7 

10.  4 

11.  3 

0.  920 

1. 839 

25.  0 

10.  9 

11.  7 

10.  S 

ll.  4 

1.  839 

2.  988 

30.  0 

10.  9 

11. 7 

10.  3 

11.  2 

2.  759 

4.  598 

35.  0 

10.  9 

11.  7 

10.  2 

ll,  l 

3.  908 

5.  977 

40.  0 

10.  9 

11.6 

10.  5 

11.2 

4.  138 

5.  747 

45.  0 

10.  9 

11.6 

10.  3 

ll.  0 

4.  368 

5.  747 

50.  0 

10.  9 

11.6 

10.  4 

ll.  t 

4.  138 

5.  517 

55.  0 

10.  9 

11.  6 

10.  3 

It.  0 

4.  138 

5.  287 

60.  0 

10.  9 

ll.  5 

10.  5 

11.  1 

4.  138 

5.  057 

65.  0 

11.  0 

11.  5 

iO.  3 

1 1.  1 

3.  908 

5.  057 

70.  0 

10.  9 

1  4.  5 

10.  2 

ll.  0 

3.  908 

4.  828 

75.  0 

11.  0 

11.  6 

10.  4 

ll.  0 

3.  678 

4.  598 

80.  0 

11. 0 

11.  6 

10.  6 

11.  1 

3.  678 

4.  368 

85.  0 

10.  9 

11.  5 

il.  0 

3.  448 

4.  368 

90.  0 

11.  1 

ll.  6 

■eh 

11.  1 

3.  448 

4.  138 

95.  0 

1 1.  1 

11.5 

mm 

il.  0 

3.  218 

3.  908 

ICO.  0 

11.  0 

1 1.  5 

10.  9 

3.  218 

3.  908 

105.  0 

1 1.  1 

11.  5 

iC.  9 

2.  988 

3.  678 

ItC.  0 

11.  C 

ll.  5 

■ESS; 

11.  0 

2.  988 

3.  678 

lib,  0 

11.  t 

11.  4 

■SB 

10.  8 

2.  759 

3.  678 

120.  0 

11.  0 

ll.  5 

Ha 

iO.  9 

2.  759 

3.  448 

125.  0 

11. 0 

11.5 

BESfl 

11.  0 

2.  759 

3.  448 

130.  0 

11. C 

11.  5 

Kb&v 

ll.  0 

2.  759 

3.  218 

135.  0 

11.  1 

11.5 

kSH 

il.  0 

2.  529 

3.  218 

140.  0 

11.  1 

11.  5 

10.  9 

2.  529 

3.  218 

145.0 

11.  1 

ll.  5 

If 

10.  8 

2.  529 

3.  218 

150.  0 

It.  1 

11.  5 

iO.  5 

10.  9 

2.  529 

2.  988 

155.0 

11.  1 

ll.  5 

iO.  4 

10.  9 

2.  299 

3.  218 

160.  0 

11.0 

ll.  5 

iO.  6 

10.  9 

2.  299 

2.  988 

165.  0 

11.  2 

ll.  G 

10.  6 

10.  9 

2.299 

3.  218 

170.  0 

11.3 

11.6 

10.  4 

10.  9 

2.  299 

2.  988 

175.  0 

11.  3 

ll.  7 

10.  5 

1 1.  Q 

2.  069 

2.  988 

180.  0 

11.2 

11.5 

10,  7 

it.  0 

2.  299 

2.  759 

185.  0 

11.2 

ll.  4 

10.8 

ll.  0 

2.  069 

2.  988 

190.  0 

11.2 

11.  4 

10.  6 

10.  8 

2.  299 

2.  759 

195.  0 

11.2 

11.  4 

10.  6 

10.  8 

2.  069 

2.  759 

200.  0 

11.  1 

11.  3 

10.  7 

10.  7 

2.  069 

2.  759 

205.  0 

11.  4 

11.4 

10.  5 

10.  6 

1.  839 

2,  759 

210.  0 

11.  1 

ll.  4 

10.  5 

10.  7 

2.  069 

2.  759 

215.  0 

11.  1 

ll.  3 

10.  4 

10.  7 

2.  069 

2.  759 

220.  0 

11.  1 

1 1.  3 

10.  4 

10.  6 

2.  069 

2.  759 

2 25.  0 

11.  1 

11.3 

10.  4 

10.  6 

2.  069 

2.  759 

230.  0 

11.  2 

11.2 

10.  5 

10.  7 

2.  069 

2.  759 

235.  0 

11.  1 

11.2 

10.  1 

10.  2 

2.  069 

2.  759 

240.  0 

11.  0 

11.  1 

10.  2 

10.  3 

1. 639 

2.  529 

245.  0 

11.  0 

11.  1 

10.  3 

10.  3 

2.  069 

2.  759 

250.  0 

11.  0 

ll.  1 

10.  2 

10.  4 

2.  069 

2.  529 

255.  0 

11.0 

11.2 

10.  2 

10.  2 

1.  839 

2.  529 

260.0 

11.  3 

11.  3 

10.  2 

10.  1 

1.609 

2.  529 

265.  0 

11.3 

ll.  3 

10.  3 

10.  3 

1.  839 

2.  529 

270.0 

11. 0 

11.3 

10.  1 

10.  1 

1. 839 

2.  529 

275.0 

11.2 

ll.  3 

10.  1 

10.  1 

1.839 

2.  529 

280.0 

11.  1 

11.3 

10.  1 

10.  2 

1.  839 

2.  529 

285.0 

11.  0 

11.2 

10.  2 

10.  3 

1. 839 

2.  529 

EHFr£TiWiBBB 

_ H-2 

_ 11-3 

9.  9 _ 

wim 

_ 2-^aa _ 

RFSS 


RUN  «2 


DRY  21  IS 


P 


J 


‘l 


i 


i 


T  est  1  ■  ne 
l  .T  i  nj 

m. 

Ml 

P  1  ast 

N 

i  c  Walls 

S  E 

H 

0.  0 

mm 

11.  8C 

9.  0  C 

9,  7  C 

11.  sc 

IB 

1 1. 5C 

i  1.  1C 

5.  0 

■Hi 

11.8 

9.  1 

9.  7 

11.6 

■  m 

11.  5 

i  1.  2 

10.  0 

11.7 

9.  1 

9.  6 

11.5 

«  ffl 

11.6 

11.  2 

15.  0 

11.8 

11.  7 

9,  0 

9,  6 

11.  4 

IH 

11,  4 

1  1.  1 

20.  0 

11.  7 

It.  7 

8.  9 

9.  5 

1 1.  3 

i  1.  3 

il.  3 

11.  1 

2 Si,  0 

1  1.  7 

11.  7 

8.  9 

9,  5 

11.  3 

11.  2 

11.3 

11.1 

30.  0 

11.  6 

11.  6 

8,  9 

9.  4 

11.2 

11.2 

11.2 

10.  9 

35.  0 

11.6 

It.  6 

8,  9 

9.  4 

11.2 

11.  1 

11.2 

10.  9 

40.  0 

11.6 

11.6 

8.  9 

9.  3 

11.  1 

11.  0 

11.2 

10.  9 

45.  0 

11.  4 

11.4 

8.  9 

9.  3 

1 1.  1 

11.  1 

11.  1 

10.  8 

50.  0 

11.5 

11.  4 

8.  9 

9.  3 

11.  1 

11.  0 

11.  1 

10.  9 

55.  0 

11.  4 

It.  4 

8.  8 

9.  3 

i  1.  1 

11.0 

11,0 

1C.  9 

60.  0 

11.3 

11.  4 

8.  8 

9,  3 

1  1.  0 

11.0 

I  1.  1 

1C.  9 

65.  0 

11.  4 

11.  4 

8.  8 

9.  3 

11.0 

1  l.  0 

11,  1 

10.  9 

70.  0 

11.  3 

11.4 

8.  8 

9.  3 

11.0 

11.0 

11.0 

1C.  9 

75.  0 

1  l.  5 

11.4 

8.  8 

9.  2 

1 1.  0 

10.  9 

1C.  9 

10.  9 

80.  0 

11.  2 

11.  4 

8.  8 

9.  2 

11.  0 

10.  9 

11,  0 

ic.  e 

85.  0 

11.5 

11.4 

8.  8 

9.  3 

10.  9 

1C.  9 

10.  9 

10.  8 

90.  0 

11.  2 

11.  3 

8.  8 

9.  2 

1C.  9 

10.  9 

10.  9 

10.  8 

95.  0 

11.  2 

11.  3 

8.  8 

9,  2 

10.  9 

10.  9 

10.  9 

10.  8 

100.  0 

11.  2 

11.  3 

8.  8 

9.  2 

10.  9 

10.  8 

10.  9 

10.  7 

105.  0 

11.  3 

11.  3 

8,  8 

9.  2 

10.  9 

10.  8 

10.  8 

to.  e 

110,  0 

11.2 

11.3 

8.  8 

9.  1 

10.  8 

10.  8 

10.  8 

10.  7 

its.  0 

11.  4 

11.  2 

8.  8 

9.  2 

10.  9 

10.  8 

1C.  9 

10.  7 

120.  0 

11.  3 

11.  3 

8.  8 

9.  2 

10.  8 

10.  8 

10.  9 

10.  7 

125.  0 

1  1.3 

11.  3 

8.  8 

9.  2 

10.  8 

1C.  9 

10.  9 

10.  7 

130,  0 

11.3 

11.  3 

8.  8 

9.  2 

10.  9 

10.  9 

10.  9 

10.  8 

135.  0 

11.  3 

11.3 

8.  8 

9.  1 

10.  9 

10.  9 

10.  8 

10.  8 

140.  0 

11.  3 

11.  3 

8.  7 

9.  1 

10.  8 

10.  8 

10.  8 

10.  7 

145.  0 

11.4 

11.  3 

8.  7 

9.  1 

10-  8 

10.  8 

1C.  8 

10.  8 

150.  0 

11.3 

11.3 

8.  8 

9.  1 

10.  9 

10.  8 

10.  8 

10.  8 

155.  0 

11.  4 

11.  3 

8.  8 

9.  1 

10.  9 

10.  9 

11.  0 

1C.  8 

160.  0 

11.4 

11.  3 

8.  7 

9.  1 

10.  9 

1C.  9 

11.  0 

10.  8 

165.  0 

11.  3 

11.3 

8.  7 

9.  1 

10.  9 

10.  8 

10.  9 

10.  8 

170.  0 

11.4 

11.  3 

8.  7 

9.  0 

10.  9 

10.  9 

10.  9 

10.  9 

175.  0 

11.3 

11.3 

8.  7 

9.  1 

10.  9 

10.  9 

10.  9 

10.  9 

180.  0 

11.2 

11.  3 

8.  0 

9.  2 

10.  9 

10.  9 

10.  8 

10.6 

105.  0 

11.2 

11.  3 

8.  8 

9.  2 

10.  8 

10.  8 

10.  9 

10.  7 

190.  0 

11.2 

11.  3 

8.  8 

9.  1 

10.  8 

10.  7 

1C.  9 

10.  7 

195.  0 

11.2 

11,  3 

8.  7 

9.  2 

10.  8 

10.  7 

10.  8 

10.  7 

200.  0 

11.2 

11.  2 

8.  7 

9.  1 

10.  8 

10.  8 

10.  8 

10.  7 

205.  0 

11.  3 

11.  2 

8.  7 

9.  t 

10.  8 

10.  7 

10.  7 

10.  7 

210.  0 

11.  1 

11.  2 

8.  7 

9.  1 

10.  8 

10.  6 

1C.  8 

10.  6 

215.  0 

11.  1 

11.2 

8.  7 

9.  1 

10.  8 

10.  7 

10.  9 

10.  7 

220.  0 

11.0 

ll.  2 

8.  7 

9.  1 

10.  7 

10.  6 

10.  7 

10.  6 

225.  Q 

10.  9 

11.  2 

8.  7 

9.  1 

10.  7 

10.  7 

10.  7 

10.  8 

230.  0 

11. 0 

11.  2 

8.  7 

9.  1 

10.  7 

10.  7 

10.  7 

10.  7 

235.  0 

11.  0 

11.  2 

8.  6 

9.  1 

10.  7 

10.  5 

10.  6 

10.  5 

240.  0 

11.  1 

11.  1 

8.  7 

9.  1 

10.  7 

10.  4 

10.  6 

10.  4 

245.0 

It.  2 

It.  1 

8.  6 

9,  1 

10.  6 

10.  4 

10.  6 

10.  4 

250.  0 

11.  2 

11.  1 

8.  5 

8.  7 

10.  6 

10.  4 

10.  6 

10.  4 

255.  0 

11.3 

11.  1 

8.  6 

8.  S 

10.  7 

10.  4 

10.  6 

10.  4 

260.  0 

11.3 

11.  1 

8.  6 

8.  6 

10.  7 

10.  4 

10.  6 

10.  3 

265.  0 

11.3 

11.  1 

8.  7 

8.  8 

10.  6 

10.  3 

10.  6 

10.  3 

270.0 

11.2 

11.  1 

8.  7 

8.7 

10.  6 

10.  4 

10.  6 

10.  4 

275.0 

11.2 

11.  1 

8.  6 

8.8 

10.7 

10.  4 

10.  7 

10.  4 

260.  0 

11.  1 

11.  1 

8.  6 

8.  7 

10.  7 

10.  4 

10.  6 

10.  3 

285.0 

11.0 

11.  1 

8.  6 

8.7 

10.  7 

10.  4 

10.  6 

10.  3 

_ 11. Q 

_ 11.0 

8-6 

.  a.  a._ 

■fllfl 

■BFiVl 

■Km 

in.  A 

RF3S 


RUN  #2 


DRY  2115 


T est  T ■ me 
Uin) 

Thermocouple  headout  bj 
11  12  13  14 

3  OQ  1  t  1 
15 

on  51DF  B 

16  17 

18 

C.  0 

1 1.  8 

11.  6 

ll.  4 

11.  2 

12.  1 

ll.  6 

9.  1 

It.  2 

5.  0 

11.8 

11.  7 

11.5 

il.  3 

12.  1 

ll.  7 

9.  2 

11.  2 

10.  0 

11.  6 

11.  4 

11.  1 

10.  4 

11.  7 

11.  4 

9.  1 

10.  5 

ib.  0 

11.0 

10.  1 

9.  1 

7.  3 

Ll,  1 

10.  3 

9.  2 

7.  7 

20.  0 

9.  9 

7.  9 

6.  1 

2.  7 

L0.  4 

8.  6 

8.  9 

3.  7 

25.  0 

8.  6 

5.  4 

2.  9 

1.  3 

9.  9 

6.  6 

8.  8 

1.  7 

30.  0 

6.  7 

2.  4 

0.  7 

1.  1 

9.  7 

4.  4 

8.  5 

0.  8 

35.  0 

5.  0 

-0.  9 

0.  0 

0.  9 

9.  2 

1.  5 

8.  3 

0.  7 

40.  0 

2.  4 

-1.  8 

-0.  1 

1.  1 

8.  7 

-0.  4 

8.  3 

3.  9 

4b.  0 

l.  1 

-2.0 

-0.  3 

0.  8 

8.  4 

-l.  0 

8.  2 

0.  9 

50.  0 

l.  4 

-2.  4 

-0.  2 

0.  8 

8.  6 

-1.  4 

8.  2 

0.  8 

55.  0 

t.  8 

-2.3 

-0.  2 

0.  9 

8.  4 

-1.  3 

8.  1 

0.  9 

60.  0 

1.  3 

-2.  4 

-0.  3 

0.  9 

8.  3 

-1.  2 

8.  2 

0.  9 

65.  0 

l.  7 

-2.  5 

-0.  4 

0.  8 

9.  3 

-0.  9 

8.  2 

0.  8 

70.  0 

0.  9 

-2.  8 

-0.  3 

0.  8 

8.  4 

-l.  6 

8.  1 

0.  9 

75.  0 

l.  7 

-2.  7 

-0.  3 

0.  8 

8.  3 

-1.6 

8.  2 

0.  7 

80.  0 

l.  6 

-2.  3 

-0.  5 

0.  7 

8.  2 

-t.  1 

8.  2 

0.  7 

85.  0 

1.  4 

-2.  1 

0.  3 

1.  4 

8.2 

-1.2 

8.  2 

1.  3 

90.  0 

2.  1 

-2.  1 

-0.  3 

1.  0 

8.  4 

-1.  1 

t.  1 

10.  9 

9b.  0 

0.  8 

-2,  3 

-0.  3 

1.2 

8.  3 

-1.  3 

-0.  3 

1.  3 

iOO.  0 

1.0 

-2.  3 

-0.  3 

0.  6 

8.  5 

-1.  3 

-0.  6 

0.  3 

105.  0 

l.  2 

-2.  8 

-0.  4 

0.  7 

9.  1 

-1.  3 

-0.  6 

0.  5 

1  to.  0 

0.  7 

-2.  6 

-0.  4 

0.  6 

8.  5 

-1.  6 

-0.  2 

0.  8 

lib.  0 

1.  1 

-2.  4 

-0.  7 

0.  7 

9.  2 

-l.  5 

-0.  2 

0.  7 

120.  0 

1.  2 

-2.4 

-0.  2 

0.  8 

8.  3 

-1.  6 

0.  0 

0.  7 

12b.  0 

1.3 

-2.  0 

-0.  3 

0.  7 

8.  4 

-1.  3 

0.  0 

0.  9 

130.  0 

1.  4 

-1.  9 

-0.  2 

1.  1 

8.  5 

-1.  2 

-0.  1 

0.  6 

135.  0 

0.  b 

-2.  4 

-0.  3 

0.  7 

8.  9 

-1.5 

-0.  3 

0.  6 

140.  0 

0.  4 

-2.  1 

-0.  4 

0.  6 

8.  4 

-1.5 

-0.  3 

0.  6 

1 4b.  0 

0.  4 

-2.  3 

-0.  2 

0.  6 

8.  2 

-1.  6 

-0.  3 

0.  3 

lbO.  0 

1.  2 

-2.0 

-0.  4 

0.  8 

8.  3 

-l.  2 

-0.  3 

0.  4 

lb5.  0 

l.  8 

-2.  0 

-0.  4 

0.  7 

8.  4 

-1.  2 

-0.  1 

0.  6 

160.  0 

l.  2 

-1.  6 

-0.  5 

0.  7 

8.  6 

-1.  2 

-0.  3 

0.  4 

165.  0 

1.  9 

-1.6 

-0.  2 

0.  9 

8.  6 

-l.  2 

-0.  2 

0.  4 

170.  0 

2.  0 

-1.8 

-0.  1 

0.  8 

8.  4 

-l.  1 

-0.  t 

0.  4 

175.  0 

2.  3 

-1.  7 

-0.  1 

0.  9 

8.  7 

-l.  1 

0.  0 

0.  7 

180.  0 

l.  2 

-2.3 

-0.  3 

1.2 

8.  7 

-1.2 

0.  0 

0.  7 

185.  0 

0.  6 

-2.  2 

-0.  2 

1.  1 

8.  0 

-l.  3 

-0.  2 

0.  7 

190.  0 

0.  0 

-2.6 

-0.  1 

l.  3 

8.  7 

-1.  6 

-0.  3 

0.  5 

195.  0 

0.  3 

-2.  0 

-0.  1 

l.  t 

8.  4 

-1.2 

-0.  3 

0.  3 

200.  0 

0.  0 

-2.  1 

-0.  2 

0.  9 

8.  4 

-l.  1 

-0.  5 

0.  3 

205.  0 

l.  1 

-2.  3 

0.  0 

1.  1 

9.  4 

-0.8 

-0.  4 

0.  3 

210.  0 

0.  1 

-2.5 

-0.  3 

0.  9 

8.  8 

-l.  2 

-0.  3 

0.  3 

215.0 

-0.  2 

-2.  8 

-0.  4 

0.  9 

8.  3 

-l.  5 

-0.  4 

0.  4 

220.  0 

0.  0 

-3.  2 

-0.  4 

1.0 

8.2 

-l.  4 

-0.  6 

0.  3 

225.0 

0.  1 

-3.  2 

0.  1 

0.8 

8.  4 

-1.6 

-0.  5 

0.  3 

230.  0 

0.  9 

-2.  6 

-0.  2 

0.7 

8.  3 

-1.2 

-0.  4 

0.  3 

235.  0 

0.  2 

-2.  7 

-0.  3 

0.6 

8.  5 

-1.  3 

-0.  7 

0.  3 

240.0 

0.  3 

-2.  7 

-0.  4 

0.  6 

8.6 

-l.  3 

-0.  1 

0.  3 

245.  0 

0.  0 

-3.  1 

-0.  4 

0.  6 

8.  6 

-1.6 

-0.2 

0.  3 

250.0 

0.  t 

-2.  7 

-0.  4 

0.  6 

8.  2 

-1.  3 

-0.  3 

0.  4 

255.  0 

l.  0 

-2.9 

-0.  4 

0.  3 

9.  1 

-0.  3 

-0.  6 

0.  4 

260.  0 

2.  1 

-2.8 

-0.  5 

0.  3 

9.  9 

-0.  8 

-0.  4 

0.  5 

285.  0 

1.  5 

-2.  7 

-0.  6 

0.  3 

9.  6 

-0.  8 

-0.  3 

0.  6 

270.0 

l.  2 

-2.  7 

-0.6 

0.  2 

9.  4 

-l.  1 

-0.  4 

0.  2 

275.  0 

2.0 

-2.8 

-0.  6 

0.  3 

9.  6 

-0.  8 

-0.  4 

0.  3 

280.  0 

1.6 

-2.  7 

-0.  7 

0.  4 

9.  4 

-l.  t 

-0.  4 

0.  4 

285.0 

1.2 

-2.  3 

-0.  6 

0.  3 

9.  3 

-1.0 

-0.2 

0.  8 

-  290. Q _ 

_ L-3 _ 

_ =2^3_ 

_ -Q.  fl.. 

P.Q _ 

_ 

_ -1.3.  . 

_ -Q.,b 

Q-5 

96 


RUN  »  2 


DRY  2116 


I 


RFS5 


TEST  TIME  0.  0  MINS 

SIDE  fl 

Em  ssi  vi  tg  Panel  S0FI  Panel 

Thermocouple  Pyrometer  Left 


Pyrometer  Data 
R  ■  ght 


TCP  11.7 

11.  6 

12.  2 

12.  2 

11.6 

11.  6 

12.  7 

12.  7 

11.6 

12.  7 

12.  7 

12.  7 

11.5 

12.  7 

12.  2 

12.  5 

11.  5 

12.  7 

12.  5 

12.  2 

11.  4 

12.  7 

12.  0 

12.  2 

ll.  3 

12.  2 

11.6 

11.  8 

It.  2 

12.  2 

10.  5 

10.  5 

11.  1 

1  1.  6 

8.  8 

9.  5 

|  '-'inPIEH :  I 

11.  S 

_ _ 

5.  5 

TEST  TIME  IS.  0  MINS 


SIDE  B 

Emssi  vi  ty  P  ane  1 

S0FI  Panel 

Pyrometer  Data 

T  hermocoup 1 e 

Pyrometer  Left 

R  •  ght 

TCP  U.6 

12.  2 

10.  8 

10.  8 

11.  6 

12.  2 

10.  5 

10.  5 

11.  6 

11.  8 

10.  1 

10.  5 

It.  5 

12.  0 

8.  3 

9.  3 

11.  5 

11.6 

8.  6 

8.  3 

11.  4 

11.  5 

6.  9 

7.  2 

11.  3 

11.6 

5.  6 

6.  1 

It.  2 

11.  8 

3.  1 

4.  4 

11.  0 

10.  8 

o 

o 

1.  4 

_ 1SL3. 

-1.  2 

AFS5 


RUN  #  2 


DAT  2116 


TEST  TIME  30.  0  MINS 

SIDF  R 


Efii  ssi  vi  t  j  Panel  S0FI  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  Left  Right 


TCP  11.5 

10.  5 

-7.  7 

-7.  2 

11.  5 

10.  4 

-6.  3 

-b.  2 

11.  4 

10.  5 

-4.  7 

-S.  0 

11.  4 

10.  5 

-8.  2 

o 

11.  4 

10.  7 

-8.  7 

-9.  4 

11.  3 

10.  8 

-8.  7 

-9.  4 

11.  2 

10.  5 

-7.  2 

-7.  2 

11.1 

10.  0 

-8.  1 

-8.  3 

10.  9 

9.  6 

-8.  3 

-8.  8 

10.  8 

9.  5 

-8.  1 

-8.  3 

TEST  TIME  45.  0  MINS 

SIDE  B 

Emissivitg  Panel  S0FI  Panel  Pyrometer  Doto 

Thermocouple  Pyrometer  Left  R  ■  ght 


7V 


RFSS 


RUN  #  2 


DAT  2116 


TEST  TIME  60.  0  MINS 

SIDE  A 

Emssivi  ty  Panel  SQFI 


S0FI  Pane!  Pgno’neten  Data 


T  hemo  couple 


Pgnoneten 


TOP 

11. 

3 

It. 

3 

11. 

3 

11. 

2 

11. 

2 

11. 

l 

11. 

l 

1C. 

9 

10. 

8 

10. 

6 

Left 


-16.  6 
-10.  6 
-9.  4 
-9.  4 
-11.  I 
-10.  6 
-9.  1 
-10.  I 
-10.  2 
-8.  8 


R  '  ght 


TEST  TIME  75.  Q  MINS 

SIDE  B 

Emssivi  tj  Pane!  50FI  Panel  Pyrometer  Data 


Emssi  vi  tg  Pare! 
T  henmocouple 


Pgroneter 


Left 


R  ■  ght 


RFSS 


RUN  »  2 


DRY  2116 


TEST  TIME 

90.  0 

MINS 

SIDE  fl 

Enissivity  Panel 

SQFl  Panel 

Pyrometer  Data 

T  hemocoup  1  e 

Pgrcneten  Left 

R  ■  ght 

TCP  U.2 

9.  4 

-16.  3 

-16.  6 

11.  2 

9.  0 

-11.6 

-10.  5 

11.  2 

9.  3 

-11.  0 

-9.  3 

11.  1 

9.  2 

-11.6 

-10.  5 

11.  1 

8.  8 

-12.  2 

-10.  5 

11.  1 

8.  8 

-12.  2 

-10.  0 

10.  9 

8.  8 

-10.  6 

-10.  3 

10.  9 

8.  8 

-11.2 

-10.  4 

10.  7 

8.  S 

-11.  3 

-1  1.  0 

10.  6 

8.  6 

-9.  4 

-11.0 

TEST  TIME  105.  0  MINS 


SIDE  B 

Emssi  vi  ty  P  ane  1 

S0FI  Panel 

Pyrometer  Data 

T  hemiocoup  1  e 

Pyroneter  Left 

R  1  ght 

TOP  n.i 

8.  4 

-4.  6 

-3.  2 

11.  1 

8.  6 

-6.  6 

-5.  9 

11.  1 

8.  6 

-6.  1 

-b.  0 

11.  1 

8.  8 

-5.  6 

-b.  b 

11.  t 

8.  5 

-5.  0 

-b.  1 

11.0 

8.  4 

-b.  0 

-4.  4 

10.  9 

8.  8 

-5.  0 

-4.  b 

10.  8 

8.  3 

-5.  7 

-4.  7 

10.  7 

8.  3 

-5.  9 

-4.  9 

_ LQ....6.  - 

_ _ 

— 

_ =L_0 _ 

-3.  7 

AFSS  RUN  »  2  DAT  2116 


TEST  TIME  120, 0  MINS 

SIDE  fl 


Bmissivity  Panel 

5  0  F  I  Panel  Pyrometer  Data 

T  hermocoup 1 e 

P  yrome  t  er 

Left 

R  :  ght 

TOP  H.l 

8.  3 

-16.  6 

-17.  3 

11.  1 

8.  5 

-12.  3 

-11.  1 

11.  1 

8.  8 

-12.  0 

-10.  3 

11.  0 

CO 

CO 

-11.  8 

-11.1 

11.  0 

8.  8 

-12.  2 

-11.7 

10.  9 

8.  7 

-10.  9 

-10.  6 

10.  9 

8.  8 

-10.  6 

-10.  5 

10.  8 

8.  5 

-10.  6 

-10.  5 

10.  6 

8.  3 

-9.  4 

-10.  3 

10.  4 

8.  2 

-9.  4 

-11.  n 

TEST  TIME  135.  0  MINS 

SIDE  B 


E  m i ss i v i t  y  P  one  1 
Thermocouple  Pyrometer 


SQFI  Panel  Pyrometer  Data 
Left  R  1  ght 


RFSS 

RUN  »  2 

DRY  2116 

TEST  TIME 

150. 0  MINS 

SIDE  fl 

Emissivitg  Panel 

SQF  I 

Panel  Pyrometer  Data 

T  her mocoup 1 e 

P  gromet  er 

Left  R  ■  ght 

8.  8 
8.  8 
8.  8 
8.  8 
8.  8 

9.  4 

10.  0 
9.  6 
8.  8 
8.  8 


-11. 

6 

-10. 

5 

-11. 

3 

-11. 

1 

-10. 

S 

-10. 

0 

-8.  8 

-9.  1 

-17.  5 
-9.  4 
-11.5 
-11.  1 
-12.  1 
-10.  4 


TEST  TIME  165.  0  MINS 

SIDE  B 


Emssivity  Panel 
Thermocouple  Pyrometer 


SQF I  Panel  Pyrometer  Data 


Left 


R  •  ght 


-I.  0 
-2.  7 
-3.  4 
-4.  3 
-3.  8 


RFSS 


RUN  #  2 


DRY  2116 


TEST  TIME  180,  0  MINS 

SIDE  fl 


Emssivitj  Panel  SOF  l  Panel  Pyrometer  Data 


T  her mocoup 1 e 

P  yrome  t  er 

Left 

R  ■  ght 

TOP  11.2 

7.  3 

-20.  5 

-19.  7 

11.  2 

7.  7 

-13.  0 

-11.  6 

ll.  1 

CO 

CO 

-14.  1 

-12.  7 

11.  1 

CO 

CO 

-l  t.  S 

-12.  3 

l  l.  1 

8.  3 

-12.  7 

-13.  8 

11.  0 

8.  1 

-12.  7 

-12.  7 

10.  9 

8.  3 

-11.  6 

-10.  5 

10.  8 

8.  1 

-11,6 

-11.  6 

10.  7 

7.  8 

-10.  2 

-10.  8 

10.  6 

8.  3 

-8.  6 

-8.  3 

TEST  TIME  1 95.  Q  MINS 

SIDE  B 

Emssivitj  Panel  SQFI  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  Left  R  ■  ght 


IIIIJLEIJ  \mK  'W11^1  W  L'\  J  *  L  1  .■-■.lll>l»  ■  ^ 1  .'U  1  ■  .■  -■  ■  1  ■  ■■  ■ 1  ,■■  i'!  .V  >  -  i  .  i  .  >  .  ■  .  ■  .  "'J  ■  •  ■  i  i  ■  »  v  ."t  .  -v  < 

* 

i  HFSS  RUN  #2  DRY  21 16  ! 


TEST  TIME  210. 0  MINS 


SIDE  fl 

Efiissi  vi  ty  P  one  1 

50FI  Panel 

Pyrometer  Data 

T  hemocoup  1  e 

P  gro^et  er  Left 

R  ■  ght 

TOP  u.o 

8.  3 

-20.  0 

-20.  8 

11.  0 

8.  8 

-14.  9 

-12.  2 

! 

l  l.  0 

7.  7 

-14.  6 

-12.  7 

1  l.  0 

8.  3 

-t  2.  7 

-12.  5 

10.  9 

8.  8 

-14.  8 

-13.  8 

10.  9 

8.  3 

-14.  4 

-12.  7 

10.  8 

7.  3 

-12.  7 

-10.  5 

\ 

10.  7 

8.  3 

-12.  7 

-12.  6 

10.  6 

7.  9 

-12.  3 

-11.  1 

10.  4 

7.  3 

-9.  4  . 

-7.  8 

i 

\ 

TEST  TIME 

225. 0  MINS 

'r\ 

SIDE  B 

y 

imssivity  P  ane  1 

SQFl  Panel  Pyrometer  Data 

. * 

T  hernocoup 1 e 

P  yronet  er 

Left 

R  '  ght 

TCP  11. 0 

8.  8 

-4.  3 

-1.  7 

11.  0 

10.  1 

-S.  1 

-4.  8 

j 

11.  0 

10.  0 

-8.  2 

-5.  8 

10.  9 

9.  4 

-8.  3 

-7.  7 

> 

10.  9 

8.  2 

-8.  1 

-4.  0 

10.  9 

8.  1 

-8.  1 

-5.  2 

10.  8 

8.  2 

-4.  9 

-4.  4 

i 

8.  2 

-5.  1 

-4.  4 

8.  3 

-5.  2 

-5.  2 

1 

7.7 _ 

_ _ 

-4.0 _ 

n 


04 


ri  F  S  S 


RUN  #  2 


DAT  2116 


TEST  TIME  240. Q  MINS 

SIDF  A 


Emssivity  Panel 
T  hemocoup  1  e 


SOFI  Panel  Pgnometen  Data 


Left 


R  1  ght 


TEST  TIME  2S5.  0  MINS 

SIDE  B 


Enissi vity  P ane 1 
T  hermocoup 1 e 


SOFI  Panel  Pyrometer  Data 


P  yroneter 


10.  2 

9.  4 

10.  0 
10.  0 

9.  8 

10.  0 
10.  0 
9.  4 
9.  4 


Left 


R  ■  ght 


-2.  1 
-3.  3 
-2.  8 
-3.  3 
-2.  7 
-3.  3 
-3.  3 
-3.  S 
-3.  8 
-2.  2 


105 


RFSS 

RUN  #  2 

DRY  2116 

TEST  TIME 

270. 0  MINS 

SIDE  R 

E  m i ss i v i t  y  Panel 

SQFI 

Panel  Pyrometer  Data 

Thermocouple 

Pyrometer 

Left  R  ■  ght 

10.9 

10.  8 

10.  9 

10.  0 

10.  9 

1G.  0 

10.  9 

10.  0 

10.  9 

9.  8 

10.  8 

8.  5 

10.  7 

9.  2 

10.  8 

8.  7 

10.  6 

CO 

CO 

10.  2 

8.  3 

-17.  5 
-8.  3 
-10.  5 
-9.  4 
-11.3 
-13.  8 
-9.  4 
-11.6 
-8.  3 


TEST  TIME  285.  Q  MINS 

SIDE  B 

Emissivitg  Panel  SGFI  Panel  Pyrometer  Data 


E  m i ss i v i t  y  Panel 
T  hernocoup 1 e 


Pgrometer 


Left 


R  '  ght 


flFSS 


RUN  «3 


ORY  2118 


-0. 230 
-0.  23C 
0.  GOO 
0.  920 

2.  GG9 

3.  448 

4.  998 

5.  617 
6  897 
7.  125 
7.  126 
7.  126 
7.  126 
7.  356 
7.  126 
7.  126 
7.  126 
7.  126 
7.  126 
7.  126 
7.  126 
7.  126 
7.  126 
7.  126 
7.  126 
7.  126 
7.  126 
7.  126 
7.  126 
7.  126 
7.  126 
7.  126 
7.  1 26 

6.  897 

7.  126 

6,  897 

7.  126 
7.  126 
7.  126 
7.  126 
6.  897 

6.  897 

7.  126 
7.  126 
7.  126 
7.  126 
6.  897 

6.  397 

7.  126 

6.  897 

7.  126 
7.  126 
7.  126 

6.  667 

7.  126 
7.  126 
6.  897 
6.  897 
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RFSS 


RUN  #3 


DRY  2118 


T  est  T  ■  Tie 

Imnl 


0.  0 
5.  0 
10.  0 
15.  0 
20.  0 
2b.  0 
30.  0 
35.  0 
40.  0 
45.  0 
50,  0 
55.  0 
60.  0 
65.  0 
70,  0 
75.  0 
30.  0 
85.  0 
90.  0 
95.  0 
ICO.  0 
105.  0 
1 10.  0 
1 15.  0 
120.  0 
125.  0 
130.  0 
135.  0 
140.  0 
145.  0 
150.  0 
155.  0 
160.  0 
165.  0 
170.  0 
175.  0 
180.  0 
185.  0 
190.  0 
195.  0 
200.  0 
205.  0 
210.  0 
215.  0 
223.  0 
230.  0 
235.  0 
240.  0 
245.  0 
250.  0 
255.0 
260.  0 
265.  0 
270.  0 
275.  0 
280.0 
285.  0 
290.  0 


F  ]  oor 

East  H  est 


1  ast  i  c  Walls 
n  5  E 


7.  7  C 
7.  6 
7.  4 
7.  3 
6.  9 
6.  8 
6.  S 
6.  4 
6.  4 
6.  5 
6.  4 
6.  3 
6,  3 
6.  2 
6.  1 
6.  3 
6.  0 
5.  9 
5.  9 

5.  8 
5.  7 
5.  8 

5.  7 
5.  7 
5.  7 
5.  5 
5.  4 
5.  3 
4.  2 

4.  0 
4.  2 

4.  t 
4.  I 
2.  4 
2.  3 
2.  3 
2.  4 
1.9 
2.  2 
2.  3 
2.  I 


7.  9  C 
7.  8 
7.  6 
7.  4 
7.  l 
6.,  9 

6.  4 

6.  2 

5.  I 

6.  0 

5.  9 

5.  8 
5.  6 
5.  7 
5.  4 
5.  4 
5.  2 
5.  3 
5.  3 
5.  1 
5.  t 

5.  1 
4.  8 
4.  8 
4.  8 
4.  8 
4.  6 
4.  5 
4.  5 
4.  7 

4.  8 

6.  2 
6.  2 
6.  2 
6.  2 
6.  2 
6.  2 
6.  2 
6.  I 
6.  1 
6.  0 
6.  0 

5.  9 

6.  3 
6.  3 
6.  2 
6.2 
6.  2 

6.  1 
6.  1 
6.  I 
6.  0 
5.  9 
5.  9 
5.  9 
5.  9 
5.  8 
5.  8 


7.  6  C 
7.  4 

7.  2 
7.  1 
6.  9 
6.  6 
6.  4 
6.  3 
S.  1 
5.  9 
5.  6 
5.  3 
5.  2 
5.  I 
5.  0 
4.  8 
4.  7 
4.  7 
4.  7 
4.  6 
4.  5 
4.  4 
4.  4 
4.  3 
4.  2 
3.  9 
3.  8 
3.  7 
3.  7 
3.  6 
3.  7 
3.  7 
3.  6 
3.  5 
3.  3 
3.  3 
3.  2 
3.  1 
3.  I 
2.  9 
2.  9 
2.  8 
2.  8 
2.  7 
2.  6 
2.  5 
2.  4 
2.  3 
2.  3 
2.  2 
2.  1 
2.  1 
2.  I 
2.  1 
1.  9 
l.  9 
l.  8 
1.  7 
i . 


7.  4  C 
7.  3 
7.  2 
7.  1 
6.  9 
6.  7 
6.  6 

6.  4 

6.  3 
5.  9 
5.  7 
5.  6 
5.  4 
5.  3 


flFSS 


RUN  #3 


DRY  2118 


T  est  I  •  i«e 

i  n  i  n) 


0.  0 
b.  0 
10.  0 
lb.  0 
20.  0 
2b.  0 
30.  0 
35.  0 
40.  0 
4b.  0 
50.  0 
55.  0 
60.  0 
65.  0 
70.  0 
75.  0 
80.  0 
85.  0 
90.  0 
9b.  0 
100.  0 
10b.  0 
110.  0 
i  lb.  0 
120.  0 
12b.  0 
130.  0 
135.  0 
140.  0 
14b.  0 
150.  0 
155.  0 
160.  0 
165.  0 
170.  0 
175.  0 
180.  0 
185.  0 
190.  0 
195.  0 
200.  0 
20b.  0 
210.  0 
21b.  0 
223.0 
230.  0 
235.  0 
240.  0 
245.0 
250.  0 
255.  0 
260.  0 
265.  0 
270.  0 
275.  0 
280.  0 
285.  0 
290.  0 


3.  8 
2.  0 
0.  1 
-1.8 
-4.  3 
-6.  4 
-7,  9 
-8.  5 
-8.  7 
-9.  2 
-8.  9 
-9.  0 
-9.  2 
-9.  2 
-9.  2 
-9.  4 
-9.  6 
-9.  3 
-9.  3 
-9.  3 
-9.  7 
-9.  8 
-10.  3 
-10.  3 


-10.  3 
-10.  6 
-10.  4 
-10.  6 
-10.  S 
-10.  7 
-10.  b 
-10.  9 
-11.  1 
-11.2 
-10.  9 
-11.  4 
-11.3 
-11.2 
-10.  9 
-10.  8 
-10.  8 


iipimviM.ii 


8.  0 
7.  9 
7.  b 
6.  3 
4.  3 
2.  1 
-0.  7 
-2.  8 
-b.  6 
-8.  3 
-9.  0 
-9.  4 
-9.  6 
-9.  7 
-9.  7 
-9.  8 
-9.  8 
-9.  9 
-10.  1 
-9.  9 
-10.  2 
-10.  2 
-10.  2 
-10.  4 
-1C.  3 
-10.  4 
-10.  b 
-1C.  8 
-10.  8 
-10.  6 
-10.  4 
-10.  b 
-10.  4 
-10.  8 
-10.  9 
-It.  1 
-11.  1 
-11.  3 
-11.  1 
-11.3 
-11.4 
-11.  b 
-11.  4 
-11.6 
-11.8 
-11.8 
-12.  I 
-11.8 
-12.  0 
-12.  0 
-12.  2 
-12.  3 
-12.  4 
-12.  3 
-12.  3 
-12.  2 
-12.  3 
-12.  3 


8.  I 
7.  9 
7.  2 
4.  8 
i.  6 
-1.6 
-4.  6 
-6.  7 
-7.  3 
-7.  6 
-7.  8 
-8.  0 
-8.  0 
-8.  2 
-8.  3 
-8.  2 
-8.  4 
-8.  b 
-8.  4 
-8.  4 
-8.  4 
-8.  4 
-8.  6 
-8.  6 
-8.  9 
-8.  9 
-9.  0 
-8.  9 
-9.  2 
-8.  6 
-8.  3 
-9.  I 
-8.  8 
-9.  6 
-9.  b 
-9.  6 
-9,  8 
-9.  7 
-9.  b 
-9.  6 
-9.  8 
-10.  0 
-9.  9 
-9.  7 
-10.  3 
-10.  2 
-10.  6 
-10.  4 
-10.  b 
-10.  6 
-10.  4 
-10.  8 
-10.  8 
-10.  8 
-10.  8 
-10.  8 
-10.  b 
-10.  6 


RFSS 


RUN  »  3 


DAY  2 i  1  9 


TEST  TIME  0.  0 

E  ti  i  ss  i  v  i  t  y  Panel 


MINS 
SIDF  fl 


S0F1  Pane1.  Pynometen  Data 


T  hennocoup  1  e  Pynotieten  Left  R  1  ght 


7.  7 

7.  2 

7.  2 

7.  2 

7.  7 

7.  2 

7.  2 

7.  2 

7.  7 

7.  2 

7.  2 

7.  2 

7.  7 

7.  2 

7.  2 

7.  2 

7.  8 

7.  2 

7.  2 

7.  2 

7.  8 

7.  2 

6.  6 

7.  2 

7.  8 

7.  2 

6.  1 

6.  8 

7.  8 

7.  2 

4.  5 

5.  8 

7.  8 

7.  2 

3.  3 

4.  4 

7.  8 

7.  2 

_ -2,  7 

-0.  5 

TEST  TIME  15.  Q  MINS 

SIDE  B 

E«i  ssi  vi  ty  Panel  SQP’l  Panel  Pgno-neten  Data 


T  hemocoup  1  e 

Pgnomieten 

Left 

R  ■  ght 

TCP  7.3 

7.  2 

3.  1 

3.  1 

7.  4 

7.  2 

5.  0 

4.  9 

7.  4 

7.  2 

4.  4 

4.  4 

7.  4 

7.  2 

3.  8 

4.  4 

7.  5 

7.  2 

3.  6 

3.  3 

7.  3 

7.  2 

1.  b 

l.  6 

7.  5 

7.  2 

0.  0 

1.  3 

7.  5 

7.  2 

-1.  9 

-1.  2 

7.  4 

7.  2 

-7.  2 

-6.  1 

7.  4 

7.  2 _ 

_ 

-8.  0 

RFSS 


RUN  «  3 


DRY  2119 


TEST  TIME  30.  0  MINS 


SIDE  fl 

Emissivity  P  are  1 

S0FI  Panel 

Pyrometer  Data 

T  hermocoupl e 

Pyrometer  Left 

R  ■  ght 

TCP  6.8 

S.  1 

-10.  S 

-10.  6 

6.  9 

S.  1 

-6.  5 

-6.  1 

6.  9 

6.  1 

-7.  9 

-7.  7 

6.  9 

S.  1 

-9.  6 

-9.  4 

7.  1 

6.  1 

-11.  6 

-1  1.  S 

7.  1 

S.  1 

-14.  7 

-16.  7 

7.  0 

6.  1 

-17.  7 

7.  0 

S.  Q 

-18.  7 

7.  0 

6.  1 

■ 

-16.  6 

6.  9 

6.  1 

-16.  1 

TEST  TIME  45.  0  MINS 

SIDE  B 


Emssi  v  i  t  j  Pane!  S0FI  Panel  Pyrometer  Data 


T  hermocoup 1 e 

Pyrometer 

Left 

R  ■  ght 

TCP  6.3 

5.  5 

-6.  6 

-6.  2 

6.  4 

5.  2 

-9.  4 

-8.  3 

6.  4 

5.  2 

-10.  3 

-9.  4 

6.  5 

5.  5 

-11.5 

-10.  3 

6.  6 

5.  5 

-l  l.  6 

-10.  5 

6.  6 

5.  5 

-l  l.  6 

-11.  1 

6.  5 

5.  5 

-10.  6 

-11.6 

6.  5 

5.  5 

-11.  6 

-11.  6 

6.  4 

5.  5 

-12.  2 

-11.6 

_ 6.  4 

5.  5 _ 

-12.  7 

-10.  5 

RFSS 


RUN  #  3 


DRY  2119 


TEST  TIME  60.  0  MINS 

SIDF  R 

En  i  ss  i  v  i  ty  Panel  SQF1  Panel  Pyrometer  Data 


T  hermocoup 1 e 


P  gnome  t  en 


Left 


R  ■  ght 


-20.  0 
-20.  5 
-20.  5 
-19.  4 
-20.  5 
-19.  4 
-18.  3 


TEST  TIME  75.  Q  MINS 

SIDE  B 


Emissivitg  P ane 1 
Thermocouple  Pyrometer 


S0FI  Panel  Pyrometer  Data 


Left 


R  ■  ght 


-13.  8 

-13.  6 

-13.  8 

-13.  8 

-13.  8 

-13.  3 

-14.  4 

-13.  7 

-13.  8 

-13.  6 

-14.  3 

-14.  6 

-15.  0 

-14.  0 

-14.  4 

-13.  3 

3 


flFSS 

RUN  *  3 

DRY  2119 

TEST  TIME 

90.0  MINS 

SIDE  A 

Emissivity  Panel 

SQF  I 

Panel  Pyrometer  Data 

T  hernocoupl  e 

P  yromet  er 

Left  R ■ ght 

-31.  1 

-28.  8 

-21.  6 

-19.  4 

-21.6 

-20.  5 

-21.6 

-20.  5 

-22.  2 

-21.6 

-21.6 

-21.6 

-20.  5 

-20.  0 

-20.  5 

-20.  5 

-20.  0 

-20.  0 

HWl 


MW] 


TEST  TIME  105.  0  MINS 

SIDE  B 

Emissivity  Panel  S0FI  Panel  Pyrometer  Data 


T  her nocoup 1 e 


P  yromet  er 


Left 


R  •  ght 


-13.  8 
-13.  8 
-14.  4 
-14.  4 
-13.  8 
-14.  4 
-15.  0 


RFSS 


RUN  **  3 


DRY  2119 


TEST  TIME  120.  0  MINS 

SIDE  A 


Bfiissivitg  Panel  SQF1  Panel  Pyrometer  Data 


T  her mocoup i e 

Pjjroiieter 

Left 

R  •  ght 

TOP  4.6 

2.  7 

-31.7 

-31.1 

4.  6 

2.  7 

-22.  7 

-20.  5 

4.  7 

2.  7 

-22.  7 

-22.  2 

4.  7 

2.  7 

-22.  7 

-22.  7 

4.  8 

2.  7 

-22.  7 

-22.  7 

4.  8 

2.  7 

-22.  7 

-22.  7 

4.  7 

2.  7 

-20.  5 

-20.  0 

4.  7 

2.  7 

1 

M 

O 

O 

-20.  6 

4.  7 

2.  7 

-19.  4 

-19.  4 

4.  6 

2.  7 

-19.  4 

-19.  4 

TEST  TIME  135.  0  MINS 

SIDE  B 


Emssivitg  Panel  S  0  F I  Panel  Pgro-neter  Data 


T  her-nocoup  1  e 

Pgro-neter 

Left 

R  ■  ght 

TCP  4.2 

2.  7 

-12.  7 

-12.  7 

4.  3 

2.  7 

-13.  7 

-13.  8 

4.  3 

2.  7 

-14.  4 

-14.  4 

4.  4 

2.  7 

-lb.  5 

-14.  4 

4.  4 

2.  7 

-14.  4 

-14.  4 

4.  4 

2.  7 

-14.  4 

-14.  4 

4.  4 

2.  7 

-14.  4 

-13.  4 

4.  4 

2.  7 

-14.  4 

-13.  8 

4.  3 

2.  7 

-15.  0 

-13.  3 

4.  3 

_ 

-13.  8 

-12.  2 

HFSS 


RUN  #  3 


DHT  2119 


TEST  TIME  150.  0  MINS 

S1DF  R 


E  m i ss i v i t  y  P  one  1 
T  hernocouple  Pyrometer 


S0FI  Ponel  Pyrometer  Data 


Left 


R  ■  ght 


TCP  4.0 

2.  7 

4.  1 

2.  7 

4.  2 

2.  7 

4.  2 

2.  7 

4.  2 

2.  7 

4.  2 

2.  7 

4.  2 

2.  7 

4.  3 

3.  8 

4.  3 

3.  8 

4.  2 

3.  8 

-21.1 

-21.6 


•18.  8 
■18.  8 


-27.  7 
-18.  8 
-20.  5 
-20.  0 
-21.1 
-20.  0 
-19.  2 
-19.  4 
-18.  8 
-19.  4 


TEST  TIME  165.  Q  MINS 

SIDE  B 


Emissivitg  Panel 
T  her mocoup  1  e 


SQFI  Panel  Pyrometer  Dota 


Pyrometer 


Left 


R  ■  ght 


OFSS 

RUN  #  3 

DAT  2119 

TEST  TIME 

180. 0  MINS 

SIDE  A 

Emissivitg  Panel 

SQFI 

Panel  Pyrometer  Data 

T  hermocoup  1  e 

P  gromet  er 

Left  Rght 

TOP  3.5 

2.  2 

3.  S 

2.  7 

3.  7 

2.7 

3.  7 

3.  3 

3.  8 

2.  7 

3.  8 

2.  7 

3.  8 

2.  5 

3.  8 

2.  8 

3.  7 

2.  7 

3.  7 

_ za _ 

-22,  7 
-22.  7 
-21.6 
-21.5 
-21.  I 
-21.8 
8.  3 


-21.  1 
-22.  7 
-21.1 
-20.  5 
-20.  8 
-20.  5 


TEST  TIME  195. Q  MINS 

SIDE  B 

Emissivitg  P  one  1  S0FI  Panel  P  yroite';  *“•  Data 


Emssivity  P  ane  1 
Thermocouple  Pyrometer 


Left 


Right 


-13.  7 
-13.  8 
-14.  4 
-13.  8 
-14.  6 
-14.  4 
-13.  8 


RFSS 


RUN  #  3 


DRY  2119 


TEST  TIME  210. 0  MINS 


SIDE  fi 

Emissivity  Panel 

SQF I  P  ane 1 

Pyrometer  Data 

T  her mocoup 1 e 

P  yromet  er  Left 

R  i  ght 

TOP  3.  1 

1.7 

-31.1 

-27.  7 

3.  2 

1.  6 

-21.6 

-20.  3 

3.  2 

1.  6 

-22.  6 

-21.6 

3.  3 

1.  6 

-21.7 

-21.5 

3.  4 

1.  S 

-23.  8 

-22.  7 

3.  4 

1.  7 

-22.  3 

-21.7 

3.  3 

1.  7 

-21.3 

-20.  5 

3.  3 

1.  7 

-21.6 

-21.6 

3.  3 

1.  S 

-21.6 

-20.  5 

3.  2 

1.  8 

-18.  2 

-19.  4 

TEST  TIME  225. Q  MINS 

SIDE  B 


Emissivity  Panel  S0F  l  Panel  Pyrometer  Data 


T  hermocoup  1  e 

P  yromet  er 

Left 

R  i  ght 

TOP  2.8 

0.  5 

-13.  3 

-13.  5 

2.  9 

1.  1 

-14.  4 

-15.  0 

3.  0 

1.  1 

-14.  6 

-16.  1 

3.  0 

1.  1 

-15.  5 

-15.  0 

3.  1 

1.  1 

-15.  5 

-14.  2 

3.  i 

1.  1 

-16.  1 

-15.  5 

3.  1 

1.  6 

-15.  5 

-15.  5 

3.  1 

1.  1 

-15.  5 

-14.  6 

3.  0 

1.  1 

-15.  7 

-14.  6 

_ Z±3. _ 

_ 1.  1 

-15.  5 

-14.  4 

AFSS 


RUN  »  3 


DRY  2119 


| 

;  TEST  TIME  240. 0  MINS 

SIDE  fl 


Emssivity  Panel  SQFl  Panel  Pyrometer  Data 


Then-no  couple 

P  yro-net  er 

Left 

R  •  ght 

TCP  2,7 

Q.  S 

-33.  8 

-28.  8 

2.  8 

1.5 

-23.  6 

-20.  5 

2,  8 

1.  6 

-25.  5 

-23.  3 

2,  9 

!.  6 

-22.  7 

-21.5 

2.  9 

l.  6 

CM 

1 

-25.  6 

3.  0 

-0.  5 

-25.  Q 

-23.  3 

2,  9 

1.  5 

CM 

1 

-21.9 

2,  9 

1.  S 

-23.  2 

-23.  3 

2,  9 

t.  6 

-21.8 

-22.  7 

2,  9 

1.  1 

-22.  5 

-21.7 

TEST  TIME  255.  Q  MINS 

SIDE  B 


Emissivity  Panel  SQFI  Panel  Pyrometer  Data 

T  hernocoup  1  e  Pyrometer  Left  R  1  ght 


TCP  2,5 

0.  7 

-12.  7 

-13.  7 

2,  S 

1.  1 

-15.  0 

-15.  5 

2.  7 

t.  5 

-15.  0 

-15.  0 

2.  7 

1.  1 

-16.  0 

-15.  0 

2.  8 

1.  1 

-15.  S 

-14.  1 

2.  8 

t.  1 

-15.  4 

-15.  5 

2.  8 

l.  1 

-15.  4 

-15.  0 

2.  7 

1.  1 

-15.  5 

-15.  5 

2.  7 

l.  2 

-15.  0 

-15.  0 

2.  S 

1.8 

-15.  4 

-14.  0 

flFSS 

RUN  *  3 

DRY  2119 

TEST  TIME 

270, 0  MINS 

SIDE  R 

Edissi vi t j  P  ane 1 

SQFl 

Panel  Pyrometer  Data 

T  hernocoupl e 

Pyrometer 

Left  R  1  ght 

TOP 

2.  3 

2.  4 

2,  5 

2.  6 

2.  6 

2.  7 

2.  6 

2.  7 

2.  6 

2.  6 

-33.  8 
-23.  5 
-26.  1 
-28.  6 
-26.  1 
-23.  3 
-24.  4 
-23.  8 
-22.  7 
-23.  3 


-23.  8 
-23.  0 
-24.  4 
-23.  3 
-23.  8 
-22.  2 
-20.  5 


TEST  TIME  285, 0  MINS 

SIDE  B 

Emssivitj  Panel  S0F I  Panel  P  jnoneter  Data 


E  m i ss i v i t  g  P  one  1 
T  hemocoup  1  e 


Pyrometer 


Left 


R  1  ght 


RFSS 


RUN  «4 


DRY  2126 


122 


AFSS 

RUN 

«  4 

DRY 

2125 

Test  1  : we 

T  her mocoup 1 e 

i  Readout  b^j 

Posit  1 

or  S 1 

]F  B 

Inn) 

1 1 

12 

13 

14 

15 

16 

17 

0.  0 

13.  4 

13.  5 

13.  4 

13.  2 

13.  4 

13.  5 

13.  4 

4.  0 

13.  3 

13.  4 

13.  3 

13.  1 

13.  4 

13.  4 

13.  3 

9.  Q 

13.  1 

13.  2 

13.  0 

12.  6 

13.  2 

13.  2 

13.  0 

1 4.  0 

12.  6 

12.  2 

11.1 

9.  3 

12.  7 

12.  4 

11.3 

19.  0 

11.6 

10.  1 

7.  5 

2.  4 

11.8 

10.  8 

8.  4 

24.  0 

10.  2 

7.5 

2.  9 

0.  9 

10.  4 

8.  9 

5.  0 

29.0 

8.  6 

3.  9 

-0.  6 

-0.  1 

8.  7 

6.  2 

0.  4 

34.  0 

6,  4 

-1.  1 

-1.  3 

0.  2 

6.  6 

1.9 

-0.  9 

39.  0 

2.  7 

-3.  1 

-1.  8 

-0.  5 

3.  6 

-1.  9 

-1.6 

44.  0 

0.  2 

-3.  5 

-1.  7 

-0.  6 

-0.  7 

-2.  7 

-1.  7 

49.  0 

-0.  9 

-3.  8 

-2.  1 

-0.  8 

-2.  3 

-3.  2 

-1.  7 

54.  0 

-0.  7 

-4.  1 

-2.  2 

-0.  7 

-2.  7 

-3.  4 

-1.8 

59.  0 

-0.  3 

-3.  9 

-1,  9 

-0.  7 

-2.  3 

-3.  3 

-1.9 

64.  0 

-0.  7 

-3.  9 

-2.  1 

-0.  7 

-2.  7 

-3.  4 

-2.  0 

69.  0 

0.  1 

-3.  9 

-1.9 

-0.  7 

-2.  3 

-3.  3 

-1.  7 

74.  0 

-t,  7 

-4.  2 

-2.  1 

-0.  7 

-3.  2 

-3.  6 

-2.  3 

79,  0 

-0.  3 

-2.  9 

-2.  1 

-0.  9 

-2.  8 

-3.  4 

-2.  1 

84.  0 

-1.  3 

-3.  8 

-2.  3 

-1.0 

-3.  4 

-3.  6 

-2.  1 

89.  0 

-0.  9 

-4.  3 

-2.  4 

-1.2 

-3.  3 

-3.  5 

-2.  2 

94.  0 

-0.  3 

-4.  0 

-2.  2 

-0.  7 

-2.  6 

-3.  4 

-1.  7 

99.  0 

-l.  1 

-4.  1 

-2.  3 

-1.  1 

-2.  9 

-3.  6 

-1.  7 

104.  0 

-0.  8 

-4.  1 

-2.  8 

-1.  2 

-3.  0 

-3.  6 

-2.  0 

109.  0 

-0.  9 

-4.  2 

-2.  7 

-l.  2 

-2.  7 

-3.  6 

-2.  1 

1  14.  0 

-1. 3 

-4.  4 

-2.  8 

-l.  7 

-3.  2 

-3.  6 

-2.  2 

1  19.  0 

-0.  8 

-4.  3 

-2.  7 

-1.  4 

-2.  8 

-3.  6 

-2.  2 

124.  0 

-0.  9 

-4.  5 

-2.  8 

-1.3 

-2.  7 

-3.  7 

-1.8 

129.  0 

-1.2 

-4.  2 

-2.  0 

-0.  3 

-2.  8 

-3.  4 

-1.  4 

134.  0 

-1.3 

-4.  8 

-3.  0 

-1.  7 

-3.  1 

-3.  9 

-2.  4 

139.  0 

-0.  9 

-4.  4 

-2.  9 

-1.  7 

-2.  8 

-3.  7 

-2.  8 

144.  0 

-1.  1 

-4.  7 

-3.  2 

-2.  1 

-2.9 

-3.  9 

-2.  6 

149.  0 

-1.  1 

-5.  0 

-3.  1 

-1.8 

-3.  1 

-4.  1 

-2.  5 

154.  0 

-0.  9 

-4.5 

-2.  3 

-1.  2 

-3.  1 

-3.  9 

-1.6 

189.  0 

-1.  1 

-5.  1 

-3.  3 

-2.  0 

-2.  8 

-4.  2 

-2.  7 

164.  0 

-1,2 

-5.  3 

-3.  6 

-2.  3 

-3.  0 

-4.  2 

-3.  1 

169.  0 

-0.  6 

-5.  1 

-3.  4 

-2.  3 

-2.  7 

-4.  0 

-2.  9 

174.  0 

-0.  8 

-5.  0 

-3.  2 

-1.9 

-2.  8 

-4.  2 

-2.  8 

179.  0 

-1.  1 

-5.  2 

-3.  6 

-2.  5 

-2.  9 

-4.  3 

-3.  0 

184.  0 

CD 

O 

l 

-5.  4 

-3.  8 

-2.  4 

-2.  7 

-4.  3 

-2.  9 

189.  0 

-l.  l 

-5.  2 

-3.  8 

-2.  4 

-2.  8 

-4.  3 

-3.  0 

194.  0 

-1.6 

-5.  7 

-4.  1 

-2.  6 

-3.  1 

-4.  5 

-3.  3 

199.  0 

-1.3 

-5.  6 

-3.  9 

-2.  5 

-3.  2 

-4.  5 

-3.  0 

204.  0 

-1.2 

-5.  6 

-4.  2 

-3.  0 

-3.  2 

-4.  6 

-3.  2 

209.  0 

-1.2 

-8.  9 

-4.  2 

-2.  7 

-3.  5 

-4.  8 

-3.  4 

214.  0 

-1.  7 

-8.  7 

-4.  3 

-2.  8 

-3.  3 

-4.  8 

-3.  4 

219.  0 

-2.  3 

-5.  8 

-4.  3 

-3.  0 

-4.  2 

-4.  8 

-3.  6 

224.  0 

-2.  3 

-5.  9 

-4.  3 

-2.  7 

-4.  2 

-4.  8 

-3.  4 

229.  0 

-2.  1 

-5.  9 

-4.  4 

-2.  9 

-4.  1 

-4.  8 

-3.  6 

234.  0 

-2.  2 

-5.  9 

-4.2 

-2.  9 

-4.  1 

-5.  0 

-3.  4 

239.  0 

-2.6 

-6.  2 

-4.  4 

-3.  2 

-4.  2 

-5.  0 

-3.  4 

244.  0 

-2.  3 

-6.  2 

-4.  6 

-3.  1 

-4.  3 

-4.  9 

-3.  8 

249.  0 

-2.  1 

-6.  4 

-4.6 

-3.  0 

-4.  2 

-4.  9 

-3.  7 

254.  0 

-2.3 

-6.  1 

-4.  6 

-3.  1 

-4.  2 

-4.  9 

-3.  8 

259.  0 

-2.  1 

-6.  0 

-4.  6 

-3.  1 

-4.  1 

-4.  9 

-3.  6 

264.  0 

-3.  1 

-6.  8 

-4.  7 

-3.  1 

-4.  4 

-5.  2 

-3.8 

269.  0 

-2.  8 

-6.  6 

-5.  0 

-3.  2 

-4.  4 

-5.  3 

-4.  0 

274.0 

-2.  4 

-6.  6 

-4.  9 

-3.  1 

-4.  2 

-5.  3 

-3.  8 

279.0 

-2.  3 

-6.  4 

-4.  3 

-2.  6 

-4.  1 

-5.  1 

-3.  3 

284.  0 

_ 289.  0 _ 

-2.  4 

_ =2.  a... 

-6.  8 
_ -7.2_ 

-4.  5 

_ 

-2.  7 

_ -3..4 _ 

-4.  1 

_ -1.4 

-5.  4 

-5.  7 

-3.  7 
_ r4^_3 

124 


1 

AF  35  RUN  « 4  DAT  2126 


H r;  S  S 


RUN  #  4 


DAT  2126 


TEST  TIME  0.0 

Enissivity  P  one  1 


MINS 
SIDE  A 


5QPI  Panel  Pyrometer-  Data 


T  her moc  oup 1 e 

P  yromet  er 

Left 

Right 

10P  13.2 

13.  3 

13.  8 

13.  8 

13.  2 

13.  3 

13.  3 

13.  8 

13.  2 

13.  3 

13.  8 

13.  8 

13.  2 

13.  3 

13.  8 

13.  8 

13.  2 

13.  3 

13.  8 

13.  8 

13.  2 

13.  3 

13.  8 

13.  8 

13.  2 

13.  3 

13.  8 

13.  1 

13.  3 

13.  3 

13.  8 

13.  1 

13.  3 

12.  7 

12.  7 

12.  9 

_ 1JL_3 _ 

_ LLJ _ 

12.  2 

TEST  TIME  IS.  0  MINS 


SIDE  B 

Emissivity  Panel 

S0FI  Panel 

Pyrometer  Data 

T  hermocoup  1  e 

Pyrometer  Left 

R  ’  ght 

10P  12.9 

13.  3 

12.  7 

13.  3 

12.  9 

13.  3 

13.  3 

13.  3 

12.  9 

13.  3 

12.  7 

12.  7 

12.  9 

13.  3 

12.  2 

12.  7 

12.  9 

13.  3 

11.6 

11.  6 

12.  9 

12.  7 

9.  4 

11.  1 

12.  9 

12.  7 

8.  8 

9.  4 

12.  8 

13.  3 

6.  1 

7.  2 

12.  7 

13.  3 

0.  0 

2.  2 

12.  7 

_ rJL_2 _ 

-1.6 

:  i  F  S  S 


RUN  »  4 


DRY  2126 


TEST  TIME  29.  0  MINS 

SIDE  n 

Emssivitj  Panel  S0FI  Panel  PyrometerData 

Thermocouple  Pyrometer  Left  R'ght 


12,  4 

11.  7 

1 

o 

-1.  1 

12.  6 

11.6 

2.  2 

2.  2 

12.  5 

11.7 

1.  1 

0.  5 

12.  5 

11.7 

-1.  1 

-2.  2 

12.  6 

11.6 

-6.,  6 

-9.  4 

12.  5 

12.  Q 

-10.  5 

-10.  6 

12.  4 

11.6 

-1  1.  1 

-10.  5 

12.  4 

11.6 

-11.6 

-10.  5 

12.  3 

11.6 

-11.5 

-11.  1 

_  UL_2 _ 

11.6 

-9.  1 

TEST  TIME  44,0  MINS 

SIDE  B 

Emissivitg  Panel  SOFI  Panel  PyrometerData 

Thermocouple  Pyrometer  Left  Right 


TOP  11.9 

11.1 

-5.  5 

-3.  8 

12.  0 

11.1 

-6,  2 

-5.  5 

12.  0 

11.1 

-7.  2 

-b.  5 

12.  0 

l  1.  1 

-6.  5 

-b.  b 

12.  1 

1  l.  1 

-b.  6 

-4.  4 

1  2.0 

11.  1 

-5.  5 

-b.  5 

11.  9 

11.  1 

-6.  1 

-5.  5 

11.9 

l  1.  1 

-6.  1 

-6.  1 

11.9 

11.  1 

-6.  1 

-b.  b 

11.  7 

_ LLJ _ 

-6.  1 

-4.  4 

RFSS 


RUN  »  4 


DRY  2126 


TEST  TIME  ‘59.  0 

Emssivity  Panel 


MINS 
SIDE  R 


S0FI  Panel  Pyrometer  Data 


T  hermocouple  Pyrometer  Left  R • ght 


11.4 

10.  0 

-18.  8 

-20.  0 

11.6 

10.  0 

-14.  8 

-12.  2 

11,6 

10.  0 

-14.  4 

-12.  3 

11.6 

10.  0 

-13.  3 

-12.  2 

11.  6 

10.  0 

-13.  3 

-12.  7 

11.6 

10.  0 

-13.  3 

-12.  2 

11.5 

10.  0 

-12.  7 

-12.  2 

11.5 

10.  0 

-12.  2 

-13.  8 

11.4 

10.  0 

-13.  8 

-12.  3 

11.  3 

_ dLL.1  _ 

-11.  1 

TEST  TIME  74.  0 

Emissivity  P ane 1 


MINS 
SIDF  B 


S0FI  Panel  Pyrometer  Data 


T  her mocoup  1  e 

Pyrometer 

Left 

R  i  ght 

TCp  11.2 

10.  0 

-6.  1 

-6.  1 

11.  2 

10.  0 

-7.  7 

-6 

11.  3 

10.  0 

-6.  6 

-6.  1 

11.3 

10.  0 

-6.  5 

-6.  1 

11.  3 

10.  0 

-6.  1 

-5.  5 

1  1.  3 

10.  0 

-5.  5 

-6.  1 

11.2 

10.  0 

-6.  1 

-5.  5 

11.2 

10.  0 

-6.  6 

-6.  1 

11.  1 

10.  0 

-7.  2 

-6.  1 

11.0 

-5.5 

-4.  4 

128 


RFSS 


RUN  #  4 


DRY  2126 


TEST  TIME  89.  0  MINS 

SIDE  fl 


Emissivity  Panel  S0F  I  Panel  Pyrometer  Data 


T  hernocoup  1  e 

Pyrometer 

Left 

R  i  ght 

TOP  10.9 

9.  4 

-21.5 

-19.  4 

11.0 

10.  0 

-14.  6 

-14.  4 

l  1.  1 

10.  0 

-13.  8 

-13.  7 

11.1 

10.  0 

-12.  7 

-12.  9 

11.1 

10.  0 

-14.  1 

-13.  2 

11.1 

10.  0 

-13.  3 

-13.  2 

11.  0 

10.  0 

-12.  7 

-12.  2 

l  1.  0 

10.  0 

-12.  0 

-12.  7 

10.  9 

10.  5 

-12.  9 

-12.  2 

_ 10-  o 

_ ~1  P-J?. _ 

_ r  1.1  f.  2 _ 

TEST  TIME  104.  0  MINS 


SIDE  B 

E  m i ss i v i t  y  P ane 1 

S0FI  Panel 

Pyrometer  Data 

T  hermocoup 1 e 

Pyrometer  Left 

R  i  ght 

TOP  10.8 

10.  0 

i 

C P 

o 

-5.  5 

10.  8 

10.  0 

-6.  6 

-6.  1 

10.  9 

10.  0 

-6.  1 

-5.  7 

10.  9 

10.  0 

-5.  8 

-6.  1 

10.  9 

10.  0 

-6.  1 

-5.  5 

10.  9 

10.  0 

-6.  6 

-5.  9 

10.  8 

10.  0 

-5.  5 

-5.  0 

o 

oo 

10.  0 

-6.  I 

-6.  1 

10.  8 

10.  1 

-6.  6 

-6.  1 

_ 10.  7 

mgmmnMimm 

_ -6.  2 _ 

_ -5^6 _ 

flFSS  RUN  #  4  DRY  2126 


TEST  TIME  1  19,  0  MINS 

SIDE  fl 

imissivity  Panel  SOFI  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  Left  R < ght 

TOP  10.6 

8.  8 

-20.  b 

-19.  4 

10.  7 

9.  1 

-16.  0 

-14.  4 

10.  7 

9.  1 

-14.  7 

-13.  8 

10.  7 

9.  6 

-14.  4 

-13.  0 

10.  7 

8.  8 

-14.  4 

-13.  8 

10.  7 

9.  2 

-14.  4 

-14.  1 

10.  7 

9.  8 

-12.  7 

-12.  8 

10.  6 

9.  8 

-12.  7 

-13.  0 

10.  6 

9.  8 

-13.  8 

-12.  7 

10.  6 

10.  0 

_ -1K3 

-12.  7 

TEST  TIME  134,  0  MINS 

SIDE  B 


Emissivity  P one  1 
Thermocouple  Pyrometer 


50FI  Panel  Pyrometer  Data 
Left  R ■ ght 


rfss 


RUN  #  4 


DRY  2126 


TEST  TIME  149.  0  MINS 


SIDE  fl 

Emssuitj  Panel 

SOP  I  Panel 

Pyrometer  Data 

Thermocouple 

Pyrometer  Left 

R  '  ght 

10.  2 

8.  3 

-22.  7 

-20.  0 

10.  2 

8.  3 

-16.  1 

10.  3 

8.  8 

-IS.  S 

-13.  8 

10.  3 

8.  3 

-13.  8 

-13.  8 

10.  3 

8.  8 

-IS.  S 

-14.  6 

10.  3 

8.  8 

-14.  7 

-14.  4 

10.  3 

8.  8 

-12.  7 

-13.  8 

10.  3 

8.  8 

-14.  4 

-13.  8 

10.  2 

8.  8 

-14.  4 

-12.  2 

■cm 

_ 8.  8  _ 

_ -12.  2 

-12.  2 

TEST  TIME  164.  0  MINS 

SIDE  B 

Emssivitj  Panel  SOFI  Panel  P^roneter  Data 


T  hermocouple 

P  yromet  er 

Left 

R  •  ght 

9.9 

8.  8 

-S.  2 

-3.  3 

9.  9 

8.  8 

-6.  1 

-5.  S 

10.  0 

8.  8 

-6.  1 

-6.  1 

10.  0 

8.  8 

-7.  2 

-6.  1 

10.  0 

8.  8 

-6.  6 

-6.  1 

10.  0 

CO 

00 

-S.  6 

-S.  S 

9.  9 

8.  8 

-6.  1 

-5.  4 

9.  9 

CD 

• 

00 

-6.  S 

-S.  9 

9.  9 

8.  8 

-7.  7 

-5.  S 

_ 2^8 _ 

_ _ 

_ _ 

-4.  4 

RFSS 


RUN  »  4 


DRY  2126 


TEST  TIME  179. 0  MINS 

SIDE  A 


E  m i ss  i  v i t  y  Panel 
T  her nocoup I e 


Pyrometer 


SOP  1  Panel  Pyrometer  Data 


Left 


•IS.  0 
■IS.  S 
-14.  4 
•13.  8 
■14.  4 
■12.  7 


Right 


-12.  7 
-14.  4 
-14.  4 
-13.  8 
-12.  2 
-13.  3 
-11.6 


TEST  TIME  194.  0  MINS 

SIDE  B 


Emissivity  P  ane 1 
T  her mocoup 1 e 


SOF I  Panel  Pyrometer  Data 


P  yromet  er 


Left 


R  '  ght 


RFSS 


RUN  #  4 


DRY  2126 


TEST  TIME  209, 0  MINS 

SIDE  A 

Emssivity  Panel  50F1  Panel  Pyrometer  Data 


T  her mocoup 1 e 

Pyrometer 

Left 

Right 

TOP  9.4 

8.  3 

-22.  7 

-22.  7 

9.  5 

8.  3 

-16.  0 

9.  6 

8.  4 

-16.  0 

-14.  1 

9.  6 

8.  3 

-17.  1 

-lb.  0 

9.  6 

8.  3 

-16.  7 

-14.  4 

9.  6 

8.  3 

-lb.  0 

-14.  0 

9.  6 

8.  9 

-14.  9 

-13.  8 

9.  6 

8.  3 

-lb.  0 

-lb.  0 

9.  6 

8.  3 

-14.  3 

-12.  3 

_ 9^b _ 

8.  8 

-12.  2 

-12.  2 

TEST  TIME  224.  0  MINS 


SIDE  B 

Emissivity  P ane 1 

S0FI  Panel 

Pyrometer  Data 

T  hermocoup 1 e 

Pyrometer  Left 

Right 

TOP  9.3 

00 

• 

CO 

-6.  1 

-5.  0 

9.  3 

00 

• 

4*. 

-7.  2 

-6.  2 

9.  4 

CO 

• 

00 

-6.  1 

-7.  2 

9.  4 

8.  8 

-7.  2 

-6.  1 

9.  4 

8.  S 

-6.  1 

-6.  1 

9.  4 

00 

• 

4*> 

-6.  4 

-6.  6 

9.  4 

8.  8 

-6.  1 

-6.  6 

9.  4 

8.  8 

-7.  6 

-6.  6 

9.  3 

00 

• 

00 

-7.  1 

-6.  6 

_ S _ 

8.  8 

-7.  2 

-6.  1 
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RFSS 


RUN  »  4 


DRY  2126 


TEST  TIME  239.  0  MINS 


SIDF  R 

Emssivity  Panel 

S0F I  P  ane 1 

Pyrometer  Data 

T  her mocoup  1  e 

P  grotnet  er  Left 

R  ■  ght 

TOP  g.2 

8.  3 

-23.  5 

-24.  2 

9.  3 

8.  3 

-lb.  2 

-14.  7 

9.  3 

9.  0 

-IS.  0 

-14.  6 

9.  3 

8.  8 

-lb.  0 

-14.  6 

9.  4 

8.  3 

-16.  1 

-lb.  b 

9.  4 

8.  3 

-lb.  0 

-14.  6 

9.  3 

8.  3 

-12.  7 

-13.  8 

9.  3 

8.  3 

-14.  2 

-13.  8 

9.  3 

8.  8 

-13.  0 

-12.  S 

_ _ 9.  3 

8.  8 

_ zl  1  ■  9  ... 

_ zLU3 _ 

TEST  TIME  2S4, 0  MINS 

SIDF  B 


Emissivitg  Panel  S0FI  Panel  Pyroiteter  Data 


T  her •nocoup  1  e 

P  yr ome  t  er 

Left 

R  1  ght 

TOP  9.2 

8.  3 

-S.  5 

-b.  2 

9.  3 

8.  8 

-7.  2 

-7.  1 

9.  3 

8.  8 

-6.  6 

-6.  6 

9.  3 

8.  7 

-6.  b 

-6.  1 

9.  4 

8.  8 

-6.  6 

-5.  b 

9.  4 

8.  8 

-7.  1 

-6.  1 

9.  3 

8.  8 

-7.  2 

-6.  1 

9.  3 

8.  3 

-7.  2 

-6.  6 

9.  3 

8.  8 

-7.  2 

-7.  1 

_ &_2 _ 

8.  8 

_ _ 

_ -5.  7 

RFSS  RUN  «  4  DHT  2126 


TEST  TIME  269.  0  MINS 

SIDE  R 

Emssivitj  Panel  90P  l  Panel  Pyrometer  Data 


Thermocouple 

Pyrometer 

Left 

R  1  ght 

iep  3.3 

8.  3 

-23.  3 

-24.  0 

9.  3 

8.  3 

-18.  9 

-14.  4 

9.  4 

8.  3 

-16.  1 

-19.  9 

9.  4 

8.  3 

-19.  9 

-19.  9 

9.  4 

8.  3 

-16.  1 

-18.  1 

9.  4 

8.  3 

-19.  9 

-19.  Q 

9.  4 

8.  3 

-19.  9 

-14.  4 

9.  3 

8.  8 

-19.  9 

-19.  9 

9.  3 

8.  3 

-14.  4 

-12.  7 

9.  2 

_ -13.  8 

_ -13.  8 

TEST  TIME  284,  Q  MINS 

SIDE  3 


Emissivity  Panel  5 OP  I  Panel  Pyrometer  Data 


T  hermo couple 

Pyrometer 

Left 

R  ■  ght 

lGp  9.3 

8.  3 

-6.  1 

-9.  9 

9.  3 

8.  3 

-7.  7 

-8.  1 

9.  4 

8.  3 

-8.  3 

-7.  2 

9.  4 

8.  3 

-8.  8 

-6.  8 

9.  4 

8.  3 

-7.  7 

-6.  6 

9.  4 

8.  8 

-8.  8 

-8.  3 

9.  4 

8.  8 

-8.  3 

-7.  2 

9.  9 

8.  8 

-7.  2 

-8.  6 

9.  9 

9.  2 

-7.  2 

-8.  3 

_ 9.  9 _ 

8.  8 

-7.2 

_ -6.  6 

lest  T 


FSS 

RUN 

«5 

DAT 

2130 

4  Mete'' 

Deuce1 1 

1 

Meter 

Deucel 

1  Rac1,o'neter's  «i/n 

f  w  p  C-  '  r>  t 

1  e-np 

Df  W 

pert 

1  etp 

Meat  East 

I  ut-  c 
106.  0 
1 1C.  c 

1 1CJ.  0 

1 2  C  -  C 
126.  0 
130.  C 

135.  0 
140.  C 
1  4Lj.  0 
150.  C 
155.  0 
160-  C 
166.  0 
170.  0 
175.  0 
130.  0 
195.  0 
130.  0 

136.  0 
200.  0 
210.  0 
220.  0 
226.  0 
230.  0 
235.  0 
240.  0 
245.  0 
260.  0 

265.  0 
260.  0 

266.  0 
270.  0 
275.  0 
290,  0 
285.  0 
230.  0 
295.  0 
300.il. 


0.  COO 
0.  000 
o.  630 

1.  603 

2.  285 
4.  533 


-0.  230 
0.  000 
0,  230 

1.  143 

2.  623 

5.  237 
6  93  7 
5.  337 
5.  337 
5  337 
5.  33  7 
7.  1  26 

5  33  7 
5.  337 
5. 33  7 

5,  337 

6.  33  7 
6.  337 

5.  93  7 

6,  33  7 
6.  667 
6.  337 
5.  33  7 

5.  33  7 

6.  337 

5.  33  7 

7.  126 

6.  657 

6  667 
5.  397 
5  667 

5  667 

6  667 
5  437 


;  a/ 

6  437 
6  207 

5.  437 
6  207 

6.  207 
6.  207 
5. 207 
5.  977 
5.  747 
5.  977 
5.  977 
5.  747 
5.  747 
5.  747 
5.  6i7 
5.  517 
5.  6 17 
5.  057 
4.  929 
4.  929 


RFSS  RUN  «5  DRY  2130 


T  est  T : me 

l  m  i  n } 

F  1  oo 
E  ost 

f' 

West 

P  1  os  t 

N 

i  c  W  o  1  1  s 

S  E 

w 

0.  0 

8.  1  C 

9.  2  C 

9.  2  C 

9.  4  C 

9. 

b  C 

9,  3  C 

8.  7  C 

9.  7  C 

5.  0 

8.  1 

9.  1 

9.  2 

9.  4 

9. 

4 

9.  3 

8.  6 

9.  7 

IQ.  G 

8.  2 

9.  0 

9.  0 

9.  4 

9. 

3 

9.  2 

8.  4 

9.  6 

lb.  0 

7.  8 

8.  8 

8.  9 

9.  4 

9. 

2 

9.  2 

8.  2 

9.  7 

20.  0 

7.  7 

8.  8 

8.  8 

9.  3 

9. 

1 

9.  1 

8.  3 

9.  b 

2b.  0 

7.  4 

8.  6 

8.  7 

9.  2 

8.  9 

8.  9 

8.  1 

9.  3 

30-  0 

7.  4 

8.  6 

8.  7 

9.  1 

8.  6 

8.  8 

7.  9 

9.  2 

3b.  0 

7.  3 

8.  4 

8.  8 

9.  1 

8. 

7 

8.  8 

8.  0 

9.  1 

40.  0 

7.  2 

8.  3 

8.  6 

9.  1 

8.7 

8.  8 

7.  8 

9.  1 

4b.  0 

7.  1 

8.  3 

8.  6 

8.  9 

8. 

6 

8.  7 

7.  9 

8.  9 

bo.  0 

6.  9 

8.  2 

8.4 

8.  9 

8. 

5 

8.  6 

7.  8 

8.  9 

bb.  0 

7.  1 

8.  2 

8.  7 

8.  7 

8. 

4 

8.  6 

7.  8 

8.  8 

60.  C 

6.  8 

8.  1 

8.  6 

8.  6 

8. 

3 

8.  6 

7.  7 

3.  8 

6b,  0 

6,  7 

7.  9 

3.  4 

8.  5 

8.  3 

8.  5 

7.  8 

8.  7 

70.  0 

6.  4 

7.  9 

3.  6 

8.  4 

8.  3 

8.  4 

8.  7 

7b.  0 

6.  4 

7.  9 

8.  b 

8.  4 

8.2 

8.  4 

8.  7 

80.  0 

6.  3 

7.  7 

8.  4 

8.  3 

8. 

*3 

L. 

8.  3 

8.  7 

8b.  0 

6.  2 

7.  7 

8.  3 

8.  3 

8. 

t 

8.  3 

8.  6 

9C.  0 

6.  1 

7.  6 

8.  2 

8.  2 

8.  0 

8.  2 

8.  b 

9b.  0 

b.  9 

7.  b 

8.  3 

8.  1 

7. 

9 

8.  2 

8.  4 

100.  0 

b.  7 

7,  3 

8.  2 

8.  1 

7. 

8 

8.  1 

7.  3 

8.  3 

10b.  0 

b.  4 

7.  3 

8.  2 

10.  b 

7. 

7 

8.  1 

7.  2 

8.  4 

110.  0 

b.  7 

7.  2 

8.  3 

iO.  b 

B 

8.  0 

7.  3 

8.  5 

i  lb.  0 

6.  0 

7.  2 

8.  2 

10.  4 

8.  I 

7.  3 

8.  4 

120.  0 

6.  1 

7.  4 

8.  2 

10.  4 

B 

8.  1 

7.  1 

8.  3 

12b.  0 

b.  8 

7.  2 

8.  1 

10.  4 

8.  0 

7.  3 

8.  2 

130.  0 

b.  7 

7.  1 

8.  1 

10.  4 

7. 

8 

7.  9 

7.  2 

8.  1 

13b.  0 

b.  b 

6.  9 

8.  0 

10.  4 

7, 

8 

7.  9 

7.  1 

8.  0 

140.  0 

b.  4 

6.  9 

8.  1 

10.  3 

7. 

8 

7.  8 

7.  1 

8.  1 

14b.  0 

b.  5 

6.  8 

8.  1 

10.  3 

7. 

7 

7.  8 

7.  1 

8.  1 

IbO.  0 

5.  3 

6.  7 

8.  1 

1C.  3 

7. 

8 

7.  9 

7.  2 

8.  0 

1  bb.  0 

b.  3 

6.  7 

7.  8 

10.  3 

7. 

7 

7.  7 

7.  2 

8.  0 

160.  0 

5.  3 

6.  6 

7.  9 

10.  3 

B 

7.  7 

7.  1 

7.  9 

16b.  0 

5.  5 

6.  6 

7.  9 

10.  2 

m 

7.  7 

7.  0 

7.  9 

170.  0 

5.  4 

6.  6 

7.  8 

10.  2 

CZ 

7.  6 

6.  9 

7.  9 

17b.  0 

5.  3 

6.  6 

7.  8 

10.  2 

■ 

7.  7 

6.  9 

7.  9 

180.  0 

5.  3 

6.  6 

7.  9 

10.  2 

7. 

3 

7.  5 

6.  8 

7.  7 

185.  0 

5.  4 

6.  6 

7.  6 

1C.  2 

7. 

3 

7.  4 

6.  9 

7.  6 

190.  0 

b.  2 

6.  5 

7.  6 

10.  0 

7. 

3 

7.  4 

6.  7 

7.  4 

19b.  0 

5.  1 

6.  4 

8.  7 

9.  8 

7. 

2 

7.  4 

6.  7 

7.  4 

200.  Q 

4.8 

6.  4 

8.  7 

9.  8 

7. 

2 

7.  3 

6.  6 

7.  b 

210.  0 

4.  8 

6.  2 

8.  7 

9.  8 

7. 

1 

7.  1 

6.  3 

7.  2 

220.  0 

4.  7 

6.  3 

8.  6 

9.  3 

6, 

9 

7.  2 

6.  3 

7.  2 

225.  0 

4.  6 

6.  3 

8.  6 

9.  7 

6. 

9 

7.  1 

6.  4 

7.  2 

230.  0 

4.6 

6.  3 

8.  6 

9.  b 

6. 

9 

7.  2 

6.  2 

7.  2 

235.  0 

4.8 

6.  3 

8.  6 

8.  4 

6. 

9 

7.  1 

6.  3 

7.  4 

240.  0 

4.  b 

6.2 

8.  5 

8.  i 

6. 

8 

7.  0 

6.  2 

7.  1 

24b.  0 

4.  2 

6.  1 

8.  5 

8.  3 

6. 

7 

6.  9 

6.  2 

7.  1 

250.  0 

4.  3 

6.  1 

8.  5 

8.  1 

6. 

7 

6.  9 

6.  1 

7.  0 

255.  0 

4.  4 

6.  0 

8.  4 

8.  1 

6. 

6 

6.  8 

6.  1 

7.  0 

260.  0 

4.  3 

5.  9 

8.  4 

8.  1 

6, 

5 

6.  8 

6.  1 

7.  1 

265.  0 

3.  9 

5.  8 

8.  4 

7.  9 

6. 

4 

6.  7 

6.  1 

6.  9 

270.  0 

4.  0 

b.  7 

8.  3 

6.  1 

6. 

4 

6.  7 

6.  2 

6.  8 

275.  0 

3.  7 

5.  5 

8.  3 

8.  0 

6. 

4 

6.  7 

6.  3 

6.  9 

280.0 

3.  8 

5.  4 

8.  3 

8.  0 

6. 

6 

6.  6 

6.  3 

6.  9 

285.  0 

3.  7 

5.  3 

8.  3 

7.9 

6.6 

6.  6 

6.  3 

6.9 

290.0 

3.  2 

5.  3 

8.  2 

7.  8 

6. 

4 

6.  5 

6.  0 

6.  9 

295.  0 

3.5 

5.  3 

8.  2 

7.  7 

6. 

2 

6.  4 

5.  9 

6.  7 

HHKTiTi iWH 

_ 3.7 

_ EL_4 — 

-8.2- 

_ 7.8 

L 

_ EL. 

J _ 

_ EL-4 _ 

5.  a 

_ 6.  7 
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flFSS 


RUN  « 5 


DAT  2130 


Test  T  . me 

T  eniperot  u~e 

at  35^ l  Depth: 

1  fl  i  n) 

1 6.  7  .n*  1.  66  i  n) 

1 4,  0 tiki  1.  55  •  n) 

32.  5  nn  1 1.  28  i  nj 

0.  0 

9. 9  C 

9.  7  C 

9.  7  C 

5.  0 

7.  7 

7.  1 

9.  6 

10.  0 

-0.  3 

0-  1 

8.  5 

i  5.  0 

-9.  3 

-11.8 

6.  4 

20.  0 

-1C.  2 

-14.  3 

2.  9 

25.  0 

-10.  4 

-13,  8 

-0.  2 

30.  0 

-11.2 

-14.  8 

-0.  9 

35.  0 

-11.3 

-15.  0 

-1.0 

40.  0 

-10.  6 

-14.  9 

-1.  1 

45.  0 

-11.8 

-15.  0 

-1.  3 

50.  0 

-11.6 

-14.  8 

-1.6 

55.  0 

-9.  9 

-15.  3 

0.  0 

60.  0 

-11.5 

-15.  1 

-1.0 

65.  0 

-12.  6 

-15.  9 

-1.6 

70.  0 

-12.  1 

-16.  0 

-1.  3 

75.  0 

-12.  6 

-16.  1 

-1.0 

80.  0 

-12.  6 

-15.  8 

-1.2 

85.  0 

-13.  2 

-16.  6 

-1.5 

90.  0 

-13.  6 

-16.  8 

-1.  7 

95.  0 

-13,  4 

-17.  2 

-1.2 

ICO.  0 

-13,  9 

-15.  8 

-1.6 

105.  0 

-14.  1 

-18.  2 

-1.5 

i  10.  0 

-14.  1 

-17.  2 

-1.  3 

i  15.  0 

-14.  7 

-18.  9 

-1.6 

120.  0 

-14.  5 

-18.  3 

-1.4 

125.  0 

-14.  8 

-17.  8 

-1.7 

130.  0 

-15.  1 

-15.  1 

-1.  7 

135.  0 

-15.  1 

-18.  4 

-1.8 

140.  0 

-14.  7 

-19.  9 

-0.  9 

145.  0 

-15.  4 

-19.  1 

-1.  9 

150.  0 

-15.  3 

-19.  5 

-0.  9 

155.  0 

-15.  6 

-19.  e 

-1.4 

160.  0 

-16.  1 

-20.  4 

-l.  7 

165.  0 

-15.  1 

-20.  4 

-1.4 

170.  0 

-16.  4 

-21.1 

-1.6 

175.  0 

-16.  5 

-21.3 

-2.  1 

180.  0 

-16.  8 

-21.7 

-1.9 

185.  0 

-17.  4 

-22.  6 

-2.  1 

190.  0 

-17.  6 

-22.  3 

-2.  2 

195.  0 

-17.  9 

-22.  7 

-2.  1 

200.  0 

-17.  4 

-23.  2 

-1.8 

210.  0 

-18.  8 

-22.  7 

-2.  5 

220.  0 

-18.  3 

-23.  4 

-2.  2 

225.  0 

-18.  3 

-24.  1 

-2.  4 

230.  0 

-18.  3 

-23.  8 

-2.  1 

235.  0 

-18.  9 

-24.  4 

-2.  4 

240.  0 

-18.  7 

-24.  4 

-2.  0 

245.  0 

-18.  1 

-24.  8 

-l.  7 

250.  0 

-17.  6 

-24.  2 

-2.  2 

255.  0 

-18.  8 

-24.  5 

-2.  3 

260.  0 

-19.  0 

-24.  9 

-2.  2 

265.  0 

-19.  6 

-24.  8 

-2.  8 

270.  0 

-19.  7 

-25.  3 

-2.  6 

275.  0 

-20.  1 

-25.  4 

-2.8 

280.  0 

-19.  6 

-24.  4 

-1.8 

285.  0 

-20.  2 

-25.  6 

-2.  8 

290.  0 

-20.  6 

-26.  7 

-3.  1 

295.0 

-20.  0 

-25.  7 

-2.  7 

_ -ia.fi _ 

-27.  4 _ 

RFSS 


RUN  *  5 


DRY  2130 


% 


TEST  TIME  0.  C  MINS 

SIDE  A 

Em  ssi  vi  ty  Ponel  SO^I  Panel  Pyrometer  Data 

Thermocouple  Py^oneter  Left  Right  -P 


TEST  TIME  15.  0  MINS 

SIDE  B 

Emissivity  Panel  SOFI  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  Left  R  •  ght 


flFSS 


R  U  N  «  b 


DRY  21 


TEST  TIME  60.  Q  MINS 

SIDE  R 

[in  i  55  i  v  i  tj  p  anel  50PI  F  P^-onete1 

Thermocouple  pgmometem  I.  eft  R  '  g 


TCP  5.6 

7.  7 

-19,  4 

8.  7 

7.  7 

-17.  1 

8.  7 

7.  7 

-16.  1 

8.  7 

7.  7 

-16,  1 

3.  7 

3.  3 

-16,  1 

3.  6 

8.  3 

-16.  0 

8.  5 

3.  7 

-12,  2 

8.  6 

3.  3 

13.  0 

3.  4 

3.  3 

-13.  3 

3.  4 

3.  3 

-1  3.  0 

TEST  TIME  75.0  MINS 

SIDE  B 

E  m  i  s  s  i  v  i  t  y  P  one  1  80FI  Pam  el  Pgmomete' 

T  h  e  r  m  o  couple  pgmo meter  l.  a f  t  R  ■  g 


T  CP  0.4 

7.  7 

3.  3 

3.  3 

3.  4 

3.  3 

3.  4 

fO 

CO 

3.  4 

3.  3 

3.  4 

3.  3 

3.  4 

3.  3 

3.  3 

3.  0 

3.  3 

8.  3 

3.  3 

8.  3 

-6,  1 
-6,  2 
-6,  3 
-7.  6 
•6.  6 
-7.  2 
-S.  2 
-7.  0 


7  7 


TEST  TIME  105. Q  MINS 

SIDE  B 


Emssivi  ty  P  ane  1 


53 0 F  I  Panel  Pg^oneter  Data 


p^rcnieter' 


l.e*t 


Right 


Is  J  Is  J 


flFSS 


RUN  #  5 


DRY  2130 


TEST  TIME  120. 0  MINS 

SIDF  A 


Emssivity  ponel 
7  hernoc^uple  Py^cneter 


TCP 

7.  9 

8.  0 

8.  0 

7.  9 

8.  Q 

7.  9 

7.  9 

7.  9 

7.  9 

7.  8 

SOFI  Panel  P  y^oiieter  Data 


Le^t 


-22.  7 
-16.  6 
-14.  4 
-14.  3 
-16.  5 
-14.  4 
-13.  8 
-14.  4 


R  ■  g h t  -PEG 


-14. 

4 

-12. 

c. 

-14. 

3 

-14. 

4 

-12. 

7 

-12. 

0 

-12. 

7 

-13. 

3 

TEST  TIME  135.  0  MINS 

SIDE  B 

Emssivity  panel  S0FI  Panel  Py'-oneter  Data 


Emssivity  p  ane  1 
T  hermocoup 1 e 


P  y^oiie  t  er 


Left 


R  i  ght 


RFSS 


RUN  #  5 


DRY  2130 


TEST  TIME  ISO.  0  MINS 

SIDE  R 


Enissivitj  p  one  1 
Thermocouple  p g^ome t er 


5QFl  Panel  Pg^ometen  Da 


Lef  t 


R  ■  aht 


TCP  7.8 

6.  6 

-21.8 

-23.  3 

7.  8 

7.  0 

-13.  3 

-IS.  1 

7.  3 

7.  2 

-15.  5 

-15.  Q 

7.  3 

7.  2 

-15.  5 

-14.  4 

7.  8 

7.  2 

-17.  1 

-15.  0 

7.  8 

7.  2 

-IS.  S 

-14.  4 

7.  9 

7.  7 

-14.  4 

-14.  1 

7.  9 

7.  2 

-14.  7 

-13.  4 

7.  9 

7.  7 

-16.  1 

-13.  5 

7.  9 

3.  3 

-13.  7 

_ -12.  7 

TEST  TIME  165,  0  MINS 

SIDE  B 

Emssivity  Panel  S0FI  Panel  Pyrometer  Data 


Emssivity  Panel 
Thermocouple  Pyrometer 


Lett 


-7.  2 
-7.  7 
-7.  0 
-6.  6 
-7.  2 
-7.  2 
-6.  6 
-7.  2 


flFSS 


RUN  #  5 


DRY  2130 


TEST  TIME  180.  0  MINS 

SIDE  fl 

Emssivitj  ponel  5QFI  Panel  Pg''o*neter'  Data 


1  he^nocouple  Pg'-oneten  L.  e  f  t  R:ght  -PEG 


TCP  7.4 

7.  2 

-26.  3 

-26.  3 

7.  4 

7.  2 

-18.  9 

-15.  3 

7.  E> 

6.  5 

-18.  3 

-16.  6 

7.  5 

6.  6 

-IE).  5 

-IE).  6 

7.  6 

6,  8 

-18.  G 

-16.  6 

7.  6 

7.  2 

-18.  1 

-16.  8 

7.  5 

6.  6 

-16.  6 

-IE).  4 

7.  6 

6.  7 

-17.  3 

-IE).  E) 

7.  6 

6,  6 

-16.  6 

-14.  8 

7.  0 

7.  2 

-13.  6 

-12.  5 

TEST  TIME  195,  0  MINS 

SIDE  B 


Emssivity  ponel  S0pI  Panel  Pgi'oneter'  Data 


i  he^iio couple 

p  yponeten 

L  ef  t 

R  ■  ght 

TCP  7.3 

6.  1 

-8.  2 

-8.  0 

7.  3 

G.  1 

-10.  1 

-9.  4 

7.  3 

6.  1 

-9.  4 

-9.  1 

7.  4 

6.  1 

-9.  4 

-8.  8 

7.  4 

6.  6 

-9.  4 

-9.  3 

7.  4 

6.  1 

-9.  6 

-9.  3 

7.  4 

6.  6 

-8.  8 

-8.  3 

7.  4 

7.  2 

-9.  4 

-7.  8 

7.  4 

7.  2 

-9.  9 

-9.  4 

7.  3 

6.  6 

-8.  3 

-8.  0 
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flFSS 

1 

RUN  #  5  DRY 

.2130 

i 

TEST  TIME 

210. 0  MINS 

SIDE  fi 

1  Em  ss  i  v  i  ty  Panel 

50FI  Panel  Pg1' 

one t en  Data 

T  hertoooup 1 e 

P  g^cnet  en  L  ef  t 

R  '  ght  -PI 

-17.  4 
-18.  8 
-19.  4 
-15.  5 
-15.  Q 
-13.  8 


TEST  TIME  225.  0  MINS 

SIDE  B 


Em  ssi  vi  tj  Panel 
T he^wocoup 1 e  P^^oteter 


80FI  Panel  Pg’-'onete' 
Left  R  •  g 


-7.  2 
-8.  3 
-8.  8 
-8.  3 


-6.  6 


-6.  6 


rfss 

RUN  #  5  DRY 

2130 

TEST  TIME 

240,  Q  MINS 

SIDE  A 

Emissivity  P  ane 1 

S0P I  Panel  P yn 

ometer  Data 

T  he^mocoup 1 e 

P  yf'onet  en  L  e  f  t 

Right  -PEG 

TGp  6.  8 

7.  2 

-24.  S 

-28.  7 

6.  9 

7.  2 

-16.  8 

-18.  8 

6.  9 

6.  6 

-17.  7 

-16.  1 

6.  9 

7.  2 

-17.  2 

-16.  1 

6.  9 

7.  2 

-18.  3 

-17.  7 

6.  9 

7.  2 

-16.  6 

-17.  2 

6.  9 

7.  2 

-16.  1 

-18.  0 

6.  9 

7.  2 

-16.  1 

-16.  0 

6.  9 

7.  2 

-16.  1 

-13.  8 

6.  9 

_ L2 _ 

_ -18.  2 

-12.  2 

TEST  TIME  255. 0  MINS 

SIDE  B 


ETiissivity  ponel  50F I  Ponel  Py^ometen  Data 


T  heritocoup  1  e 

P  y^onet  en 

Left 

R  i  ght 

TOP  6.6 

7.  2 

-6.  8 

-7.  2 

6.  7 

7.  2 

-7.  7 

-7.  2 

6.  7 

7.  2 

-7.  7 

-6.  1 

6.  7 

7.  2 

-7.  7 

-6.  6 

6.  8 

7.  2 

-7.  2 

-7.  7 

6.  8 

7.  3 

-9.  4 

-7.  7 

6.  8 

7.  8 

-8.  8 

-8.  3 

7.  0 

7.  7 

-7.  7 

-7.  7 

7.  1 

7.  7 

-8.  3 

-7.  7 

_ 7.  0 

_ _ 

-8.  8 

-6.  6 
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i: 

flFSS 

RUN  *  5  DRY 

2130 

i 

TEST  TIME 

270.  0  MINS 

SIDE  A 

i 

Emissivitg  Pan el 

SOPI  Panel  P  g^ 

oneten  Data 

T  henmocouple 

Pyrometer  L  ef  t 

R  ■  ght  -PI 

TOP 

6.  4 

6.  5 

6.  6 

6.  6 

6.  6 

6.  6 

6.  7 

6.  7 

6.  7 

6.  7 

-20.  7 
-15,  5 
-18.  3 
-16.  1 
-18.  3 
-18.  3 
-15.  7 
-16.  6 
-16.  6 


TEST  TIME  285..  Q  MINS 

SIDE  B 

Emssivitg  Panel  SOF I  Panel 

Thermocouple  Pyrometer  Left 


TCP 


Py^omete^  Data 
R  i  ght 


-6.  1 
-8.  3 
-8.  2 
-6.  6 
-7.  2 
-7.  7 
-6.  6 
-7.  2 
-7.  2 


-6.  1 
-6.  6 


flFSS  RUN  #6  DRY  2133 


151 


RFSS  RUN  »S  DRY  2133 


Test  T ' ne 

linn) 

mmmm 

HS 

P  1  ast 

N 

i  c  Walls 

5  E 

0.  0 

7.  9  C 

9.  2  C 

10.  8C 

1 1.  4C 

10.  3C 

1C.  4C 

IQ.  2C 

5.  0 

7.  7 

9.  2 

10.  8 

11.  4 

10.  2 

10.  3 

10.  2 

10.  0 

7.  5 

9-  0 

10.  8 

11.4 

10.  1 

10.  2 

10.  1 

lb.  0 

7.  4 

8.  8 

10.  7 

11.3 

9,  9 

10.  1 

9.  9 

20.  0 

7.  4 

8.  7 

10.  6 

11.  3 

9,  9 

10.  0 

9.  8 

2b.  0 

7.  3 

8.7 

1C.  5 

11.  3 

9,  7 

9.  8 

9.  7 

30.  0 

7.  0 

3.  7 

10.  5 

11.3 

9,  6 

9.  7 

9.  b 

3b.  0 

6,  8 

8.  5 

10.  4 

11.  3 

9-  4 

9.  6 

9.  3 

40.  0 

6.  6 

8.  3 

10.  3 

11.2 

9.  2 

9.  3 

9.  2 

4b.  0 

6.  9 

8.  2 

10.  3 

11.3 

9,  1 

9.  3 

8.  9 

50.  0 

6.  7 

8.  2 

10.  2 

11.2 

8.  9 

9.  1 

8.  8 

5b.  0 

6.  2 

7.  9 

10.  2 

11.2 

8.  8 

9.  0 

8.  8 

60.  0 

6.  3 

7.  9 

10.  1 

11.  1 

8.  7 

3.  9 

3.  7 

6b.  0 

6.  2 

7.  3 

10.  I 

11.  1 

8.  7 

8.  9 

8.  8 

70.  0 

b.  8 

7.  6 

10.  0 

11.0 

8.  6 

8.  8 

8.  6 

7b.  0 

b.  5 

7.  4 

9.  9 

11.0 

8.  6 

8.  7 

8.  4 

80.  0 

5.  8 

7.  6 

9.  9 

11.  0 

8.  6 

8.  7 

8.  3 

8b.  0 

5.  9 

7.  3 

9-  9 

10.  9 

8.  4 

8.  6 

8.  3 

90.  0 

5.  6 

7.  3 

9.  8 

10.  9 

8.  3 

8.  6 

8.  3 

9b.  0 

b.  9 

7.  4 

9.  8 

10.  9 

8.  2 

8.  b 

8.  3 

100.  0 

5.  8 

7.  4 

9.  7 

1C.  8 

8.  1 

8.4 

8.  1 

10b.  0 

5.  7 

7.  3 

9  -.  7 

1C.  8 

8.  1 

8.  4 

8.  2 

1 10.  0 

5.  3 

7.  1 

9.  7 

10.  7 

8.  1 

8.  3 

8.  0 

1  lb.  0 

b.  2 

7.  1 

9.  7 

10.  7 

7.  9 

8.  2 

8.  1 

120.  0 

5.  1 

S.  9 

9.  S 

10.  7 

7.  8 

8.  I 

8.  I 

12b.  0 

4.  9 

6.  8 

9.  b 

iO.  6 

7.  7 

7.  9 

7.  9 

130.  0 

4.  9 

6.  7 

9.  4 

10.  6 

7.  7 

8.  0 

7.  8 

135.  0 

5.  2 

6.  7 

9.  4 

10.  b 

7.  6 

7.  8 

7.  6 

140.  0 

5.  1 

6.  8 

9.  4 

1C.  4 

7.  6 

7.  8 

7.  5 

14b.  0 

4.  9 

6.  6 

9.  4 

10.  4 

7.  4 

7.  7 

7.  4 

lbo.  o 

4.  8 

6.  6 

9.  0 

10.  4 

7.  3 

7.  7 

7.  4 

lb5.  0 

4.  9 

6.  5 

9.  1 

10.  3 

7.  3 

7.  6 

7.  4 

160.  0 

4.  6 

6.  4 

9.  1 

1C.  3 

7.  2 

7.  5 

7.  3 

ISb.  0 

4.  3 

6.  2 

8.  3 

iO.  3 

7.  2 

7.  4 

7.  4 

170.  0 

4.  4 

6.  2 

8.  4 

10.  2 

7.  1 

7.  4 

7.  3 

175.  0 

4.  2 

6.  1 

8.  2 

10.  2 

7.  0 

7.  3 

7.  2 

180.  0 

4.  1 

6.  1 

8.  3 

10.  1 

6.  9 

7.  3 

7.  1 

185.  0 

4.  3 

6.  1 

8.  2 

10.  1 

6.  9 

7.  2 

7.  0 

190.  0 

4.  1 

6.  1 

8.  3 

10.  1 

6.  9 

7.  2 

7.  1 

1 9b.  Q 

3.  9 

b.  9 

8.  2 

to.  1 

S.  9 

7.  2 

7.  1 

200.  0 

3.  7 

5.  9 

8.  1 

10.  1 

6.  9 

7.  3 

7.  1 

205.  0 

3.  7 

5.  7 

7.  7 

10.  0 

7.  0 

7.  1 

6.  9 

210.  0 

3.  7 

5.  6 

8.  1 

10.  0 

6.  9 

7.  2 

6.  9 

21b.  0 

3.  5 

5.  7 

8.  6 

9.  9 

6.  9 

7.  1 

7.  0 

220.  0 

3.  6 

5.  7 

7.  6 

9.  9 

6.  8 

6.  9 

6.  8 

225.  0 

3.  8 

5.  7 

6.  6 

9.8 

6,  8 

6.  8 

6.  7 

230.  0 

3.  7 

5.  6 

6.  5 

9.  8 

6.  7 

6.  8 

6.  5 

235.  0 

3.  6 

5.  5 

6.  4 

9.  8 

6.  7 

6.  7 

6.  5 

240.  0 

3.  6 

5.  S 

6.  4 

9.  8 

6,  6 

6.  7 

6.  6 

245.  0 

3.  3 

5.  4 

6.  3 

9.  7 

6.  6 

6.  6 

6.  3 

250.  0 

3.  8 

5.  6 

7.  6 

9.  7 

6.  4 

6.  5 

6.  2 

255.  0 

3.  4 

5.  5 

6.  4 

9.  7 

6.  4 

6.  5 

6.  3 

260.  0 

3.  2 

5.  3 

6.  6 

9.  6 

6.  3 

6.  5 

6.  3 

265.  0 

3.  2 

5.  4 

6.  6 

9.  6 

6.  2 

6.  4 

6.  3 

270.  0 

3.  3 

5.  3 

6.  7 

9.  6 

6.  1 

6.2 

6.  1 

275.  0 

3.  2 

5,  2 

6.  8 

9.6 

6.  I 

6.  3 

6.  1 

280.  0 

3.  3 

5.  2 

6.  8 

9.  5 

6.  0 

6.2 

5.  9 

285.  0 

3.  0 

5.  0 

6.  8 

9.  5 

5.  9 

6.  2 

5.  9 

_ 29Q- 0 _ 

3.0 

_ *.9 

_ a*_a_ 

_ SLA.  - 

_ 5-8 

_ £.2-_ 

_ 5^8 _ 

H 


10.  3C 
10.  3 
10.  2 
10.  o 

9.  9 
9.  7 
9.  S 
9.  4 
9.  1 
9.  1 
8.  8 
8.  7 
8.  6 
8.  6 
8.  4 
8.  3 
8.  4 
8.  2 
8. 

8. 

7. 

8.  t 
7.  9 
7.  9 
7.  8 
7.  7 
7.  S 
7.  4 
7.  4 
7.  3 
7.  3 
7.  3 
7.  2 
7.  1 
7.  1 
7.  0 
7.  0 
6.  9 
6.  9 

5.  8 

6.  9 
6.  9 
6.  8 
6.  8 
6.  7 
6.  7 
6.  5 
6.  4 
6.  4 
6.  4 
6.2 
6.  3 
6.  3 
6.  2 
6.  1 
6.  1 
b.  9 
5.  9 
5.  8 
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rj  r\i  ai 


8 


Test  1 • ne 

l  K  i  n) 


Thermocouple  Readout  Position  5  I  OF  HT 
1  2  3  4  5  6  7 


0.  0 

10.  s 

10.  5 

iO.  3 

1C.  1 

10.  3 

1C.  1 

9.  9 

5.  0 

10.  s 

10.  5 

10.  4 

10.  5 

10.  2 

10.  3 

10.  2 

1C.  1 

10.  0 

10.  3 

10.  1 

9.  5 

9  1 

9.  9 

1C.  1 

9.  8 

8.  9 

15.  0 

9.  2 

8.  6 

S.  2 

2.  8 

8.  8 

8.  8 

7.  9 

2.  4 

20.  0 

7.  9 

S,  7 

2.  3 

-1.  7 

7.  6 

6,  9 

5.  2 

-0.  3 

25.  0 

5.  8 

3.  0 

-4.  3 

-1.  8 

5.  8 

3.  9 

-0.  2 

-1.  1 

30.  0 

2.6, 

-3.  4 

-3.  1 

-3.  2 

3.  4 

1.  7 

-0.  6 

-1.  6 

35.  0 

-3.  5 

•4.  2 

-4.  7 

-3.  9 

-0.  2 

0.  7 

-0.  7 

-2.  0 

40.  0 

-5.  7 

-4.  1 

-5.  4 

-4.  3 

-1.6 

-0.  9 

-1.  4 

-2.  2 

45.  0 

-3.  2 

-6.  6 

-6.  5 

-4.  8 

-2.  8 

-1.  3 

-1.  7 

-2.  5 

50.  0 

-5.  2 

-9.  7 

-7.  S 

-b.  7 

-3.  2 

-1.  9 

-2.  6 

-2.  9 

55.  0 

-6.  9 

-9.  7 

-7.  4 

-5.  7 

-3.  7 

-2.  4 

-3.  0 

-3.  3 

SO.  0 

-8.  2 

-10.  7 

-8.  4 

-6.  1 

-3.  9 

-2.  9 

-3.  1 

-3.  8 

65.  0 

-8.  3 

-10.  8 

-8.  3 

-5.  9 

-3.  9 

-3.  5 

-2.  9 

-4.  1 

70.  0 

-8.  9 

-10.  S 

-7.  5 

-5.  2 

-4.  3 

-3.  3 

-2.  8 

-4.  1 

75.  0 

-9.  1 

-11.2 

-8.  6 

-6.  1 

-4.  3 

-3.  7 

-3.  1 

-4.  3 

80.  0 

-9.  1 

-It.  3 

-8.  7 

-5.  9 

-4.  5 

-3.  9 

-3.  1 

-4.  1 

85.  0 

-9.  2 

-11.3 

-7.  7 

-4.  6 

-4.  4 

-3.  6 

-3.  0 

-3.  5 

90.  0 

-9.  4 

-11.  9 

-9.  2 

-5.  8 

-4.  4 

-4.  2 

-3.  4 

-4.  C 

95.  0 

-9.  4 

-12.  S 

-9.  4 

-6.  4 

-4.  7 

-4.  3 

-3.  4 

-4.  6 

100.  0 

-10.  1 

-13.  0 

-9.  7 

-6.  4 

-5.  3 

-4.  4 

-3.  8 

-4.  7 

105.  0 

-10.  4 

-13.  2 

-10.  0 

-6.  4 

-4.  9 

-4.  8 

-4.  0 

-4.  S 

110.  0 

-10.  3 

-13.  2 

-9.  3 

-5.  8 

-5.  5 

-4.  8 

-3.  6 

-4.  3 

1 15.  0 

-10.  3 

-13.  5 

-10.  2 

-7.  0 

-5.  3 

-5.  2 

-3.  9 

-4.  8 

120.  0 

-10.  9 

-14.  3 

-10.  7 

-7.  2 

-5.  2 

-b.  b 

-4.3 

-5.  1 

125.  0 

-10.  7 

-14.  3 

-10.  4 

-7.  1 

-6.  1 

-5.  5 

-4.  2 

-5.  4 

130.  0 

-11.3 

-14.  9 

-10.  8 

-7.  0 

-5.  8 

-5.  6 

-4.  3 

-5.  7 

135.  Q 

-11.4 

-15.  2 

-11.  4 

-7.  2 

-6.  0 

-4.  6 

-5.  7 

140.  0 

-11.  6 

-15.  4 

-10.  9 

-6.  9 

-5.  9 

-4.  5 

-5.  6 

145.  0 

-12.  1 

-15.  7 

-It.  6 

-7.  3 

-6.  3 

-4.  8 

-5.  8 

150.  0 

-11.  7 

-16.  3 

-1  1.  S 

-6.  9 

-5.  6 

-6.  6 

-4.  3 

-5.  2 

155.  0 

-11.  2 

-16.  4 

-12.  2 

-7.  6 

-6.  2 

-6.  3 

-4.  6 

-5.  6 

160.  0 

-12.  0 

-16.  8 

-12.  5 

-7.  8 

-6.  4 

-6.  9 

-5.  2 

-6.  0 

165.  0 

-12.  3 

-17.  3 

-12.  5 

-8.  0 

-6.  4 

-6.  8 

-5.  3 

-6.  4 

170.  0 

-12.  8 

-17.  7 

-12.  7 

-8.  0 

-6.6 

-6.  9 

-5.  4 

-6.  4 

175.  0 

-13.  2 

-18.  1 

-12.  9 

-8.  2 

-6.  8 

-7.  2 

-5.  4 

-6.  6 

180.  0 

-13.  1 

-18.  6 

-13.  1 

-8.  6 

-6.  8 

-7.  3 

-5.  6 

-6.  6 

185.  0 

-12.  9 

-18.  5 

-13.  3 

-8.  1 

-7.  6 

-5.  5 

-6.  7 

190.  0 

-13.  2 

-18.  6 

-13.6 

-8.  6 

-7.  2 

-5.  6 

-6.  9 

195.  0 

-13.  4 

-18.  9 

-13.  7 

-8.  8 

-6.8 

-7.  7 

-6.  0 

-7.  i 

200.  0 

-14.  2 

-19.  2 

-13.  6 

-9.  0 

BU 

-8.  8 

-6.  3 

-7.  1 

205.  0 

-12.  8 

-19.  4 

-13.  6 

-8.  7 

Bq 

-8.  6 

-6.  1 

-7.  2 

210.  0 

-12.  5 

-18.  9 

-13.  3 

-6.  8 

K&29 

-8.  0 

-5.  8 

-7.  0 

215.  0 

-13.  3 

-19.  3 

-13.  5 

-8.  4 

-7.  1 

-8.  7 

-6.  1 

-7.  2 

220.  0 

-13.  1 

-20.  0 

-14.  1 

-9.  1 

-7.  0 

-8.  7 

-6.  1 

-7.  6 

225.  0 

-13.  3 

-20.  3 

-14.  6 

-9.  3 

-6.  9 

-8.  6 

-6.  2 

-7.  7 

230.  0 

-13.  3 

-20.  7 

-14.  9 

-9.  3 

-6.  5 

-8.  9 

-6.  4 

-7.  7 

235.  0 

-13.  2 

-20.  9 

-15.  1 

-9.  8 

-6.  6 

-8.  8 

-6.  5 

-7.  9 

240.  0 

-13.  4 

-21.3 

-15.  1 

-9.  7 

-7.  0 

-9.  0 

-6.  4 

-8.  0 

245.  0 

-13.  6 

-21.4 

-15.  2 

-9.  8 

-7.  4 

-9.  4 

-6.  8 

-8.  1 

250.  0 

-13.  3 

-21.5 

-15.  8 

-9.  4 

-7.  4 

-9.  4 

SB 

-7.  8 

255.0 

-13.  8 

-22.  1 

-16.  1 

-9.  9 

-7.  2 

-9.  6 

SH 

-8.  3 

260.  0 

-13.  2 

-22.  4 

-16.  2 

-10.  1 

-7.  5 

-9.  7 

-7.1 

-8.  6 

265.  0 

-13.  2 

-22.  5 

-16.  4 

-10.  2 

-7.  7 

-9.  6 

-7.  t 

-8.  7 

270.0 

-13.  6 

-22.  9 

-16.  7 

-10.  1 

-6.  8 

-10.  0 

■a 

-8.  8 

275.  0 

-14.  1 

-22.  9 

-16.  6 

-10.  2 

-6.  9 

-10.  1 

-8.  7 

280.  0 

-14.  2 

-23.  4 

-16.  4 

-9.  0 

-7.  1 

-10.  4 

WSSm 

-8.  8 

285.  0 

-14.  3 

-23.  6 

-16.  6 

-10.  0 

-7.  3 

-10.  3 

SB 

-9.  1 

_ -14.3 

-23-9 

_ -16.9 

HfiHi 

_ -7. 5_ 

m 

_ 

RFSS 


RUN  «6 


DRY  2133 


Test  T  ■  me!  T  hernocouple  Readout  by  Positio'i  S1DF  B  1 


( H  1  nj 

1 1 

12 

13 

14 

15 

16 

17 

18 

0.  0 

10.  3 

10.  6 

10.  6 

10.  3 

10.  3 

10.  6 

10.  2 

10.  3 

5.  0 

10.  2 

10.  6 

10.  S 

10.  3 

10.  3 

10.  6 

10.  3 

10.  4 

10.  0 

10.  2 

1C.  3 

10.  2 

9.  8 

10.  2 

10.  3 

9.  9 

10.  0 

lb.  0 

9.  7 

9.  2 

8.  2 

b.  4 

9.  7 

9.  4 

8.  0 

6.  4 

20.  0 

8.  7 

7.  3 

5.  1 

0.  1 

8.  9 

8.  0 

5.  3 

1.  5 

2b.  0 

7.  5 

4.  3 

-0.  2 

-1.  0 

7.  7 

5.  9 

0.  8 

-0.  3 

30.  0 

5.  9 

-1.  2 

-2.  2 

-1.  4 

6.  0 

2.  1 

-1.  9 

-0.  8 

35.  0 

2.  5 

-4.  1 

-2.  3 

-l.  1 

2.  9 

-2.  3 

-2.  2 

-1.  1 

40.  0 

0.  0 

-4.  7 

-2.  4 

-1.2 

-0.  9 

-3.  5 

-2.  6 

-1.5 

4b.  0 

-1.  3 

-4.  8 

-2.  1 

-0.  7 

-2.  9 

-3.  7 

-2.  3 

-1.6 

50.  0 

-2.  1 

-4.  8 

-1.  2 

-0.  4 

-3.  8 

-3.  8 

-2.  4 

-1.  7 

55.  0 

-2.  0 

-4.  4 

-1.  3 

-0.  6 

-3.  9 

-4.  2 

-2.  6 

-1.8 

60.  0 

-2.  1 

-4.  7 

-1.  8 

-0.  9 

-4.  2 

-4.  1 

-2.  3 

-1.  6 

65.  0 

-1.8 

-2.  6 

-2.  2 

-0.  9 

-4.  1 

-4.  1 

-2,  3 

-1.  4 

70.  0 

-1.2 

-4.2 

-2.  1 

-1.  1 

-3.  9 

-3.  9 

-2.  3 

-1.  1 

75.  0 

-1.3 

-4.  8 

-2.  8 

-2.  1 

-3.  7 

-3.  9 

-2.  6 

-1.2 

80.  0 

-1.  4 

-4.5 

-2.  9 

-2.  2 

-3.  7 

-3.  7 

-2.  8 

-1.  4 

85.  0 

-0.  8 

-4.  8 

-3.  0 

-2.  6 

-2.  8 

-4.  3 

-3.  2 

-1.  3 

90.  0 

-0.  4 

-4.  4 

-3.  1 

-2.  S 

-2.  2 

-4.  3 

-3.  1 

-1.  7 

9b.  0 

-0.  5 

-5.  5 

-3.  3 

-2.  7 

-2.  4 

-4.  2 

-3.  3 

-1.  9 

100.  0 

-0.  5 

-5.  7 

-3.  8 

-2.  9 

-2.  6 

-4.  7 

-3.  4 

-2.  1 

1 05.  0 

-0.  7 

-b.  4 

-3.  3 

-1.9 

-2.  8 

-4.  4 

-3.  1 

-1.  6 

110.  0 

-0.  7 

-5.  9 

-3.  8 

-2.8 

-2.  9 

-4.  6 

-3.  6 

-2.  4 

1 15.  0 

-1.0 

-5.  9 

-4.  0 

-3.  1 

-3.  3 

-4.  9 

-3.  6 

-2.  4 

120.  0 

-1.  4 

-6.  4 

-4.  6 

-3.  3 

-3.  7 

-h.  i 

-3.  9 

-2.  6 

12b.  0 

-2.  0 

-6.  7 

-4.  7 

-3.  6 

-4.  2 

-5.  1 

-3.  8 

-2.  6 

130.  0 

-2.  2 

-6.  5 

-4.  7 

-3.  7 

-4.  2 

-b.  6 

-4.  1 

-2.  6 

135.  0 

-2.  5 

-7.  1 

-4.  9 

-3.  6 

-4.  1 

•5.  3 

-3.  8 

-2.  6 

140.  0 

-2.  7 

-6.  9 

-5.  0 

-3.  7 

-4.  3 

-5.  4 

-4.  2 

-2.  8 

145.  0 

-3.  0 

-7.  2 

-5.  1 

-3.  8 

-4.  8 

-5.  7 

-4.  4 

-2.  9 

150.  0 

-2.  9 

-6.  9 

-5.  0 

-4.  1 

-4.  9 

-5.  6 

-4.  4 

-2.  9 

155.  0 

-2.  7 

-7.  6 

-5.  5 

-4.  2 

-5.  1 

-5.  8 

-4.  7 

-3.  3 

160.  0 

-2.  9 

-7.  4 

-5.  5 

-4.  1 

-4.  9 

-5.  9 

-4.  6 

-3.  2 

165.  0 

-3.  3 

-7.  5 

-5.  8 

-4.  4 

-5.  4 

-5.  9 

-4.  7 

-3.  7 

170.  0 

-3.  4 

-8.  1 

-6.  0 

-4.  7 

-5.  3 

-6.  3 

-4.  8 

-3.  7 

175.  0 

-3.  5 

-8.  2 

-6.  I 

-4.  7 

-5.  4 

-6,  6 

-4.  7 

-3.  6 

180.  0 

-3.  6 

-8.  6 

-6.  6 

-5.  1 

-5.  5 

-6.  6 

-5.  2 

-3.  9 

185.  0 

-3.  7 

-8.  5 

-6.  7 

-4.  7 

-5.  7 

-6.  4 

-5.  1 

-3.  9 

190.  0 

-3.  6 

-8.  7 

-6.  7 

-4.  9 

-5.  5 

-6.  8 

-b.  2 

-3.  9 

195.  0 

-3.  6 

-8.  6 

-6.  8 

-4.  9 

-b.  7 

-6.  7 

-5.  5 

-4.  1 

200.  0 

-4.  2 

-8.  7 

-6.  9 

-5.  0 

-5.  8 

-6.  9 

-5.  6 

-4.  1 

205.  0 

-3.  3 

-7.  4 

-5.  3 

-3.  3 

-5.  1 

-6.  0 

-3.  4 

-2.  6 

210.  0 

-3.  6 

-9.  0 

-6.  8 

-4.  9 

-5.  4 

-7.  0 

-5.  2 

-4.  C 

215.  0 

-3.  8 

-9.  3 

-7.  2 

-5.  2 

-5.  7 

-7.  0 

-5.3 

-4.  2 

22 0.  0 

-4.  1 

-9.  3 

-7.  4 

-5.  5 

-5.  8 

-7.  3 

-5.  7 

-4.  3 

225.  0 

-3.  8 

-9.  7 

-7.  S 

-5.  7 

-5.  6 

-7.  4 

-5.  9 

-4.  6 

230.  0 

-4.  1 

-9.  8 

-7.  6 

-5.  6 

-5.  9 

-7,  6 

-5.  9 

-4.  7 

235.  0 

-4.  1 

-9.  8 

-7.  7 

-5.  6 

-5.  8 

-7.  6 

-6.  0 

-4.  7 

240.  0 

-4.  2 

-9.  9 

-7.  8 

-5.  7 

-5.  6 

-7.  4 

-5.  9 

-4.  8 

245.  0 

-4.  1 

-10.  1 

-8.  1 

-5.  8 

-5.  9 

-7.  7 

-6.  1 

-5.  0 

250.  Q 

-4.  2 

-10.  2 

-8.  2 

-5.  9 

-6.  1 

-7,  9 

-6.  2 

-5.  0 

255.  Q 

-4.  2 

-10.  3 

-8.  3 

-6.  1 

-6.  0 

-8.  1 

-5.  9 

-4.  8 

260.  0 

-4.  2 

-10.  4 

-8.  7 

-6.  3 

-6.  0 

-8.  3 

-6.  3 

-5.  0 

265.  0 

-4.  1 

-10.  4 

-8.  8 

-6.  4 

-5.  9 

-8.  1 

-6.  5 

-5.  2 

270.  0 

-4.  3 

-10.  8 

-9.  1 

-6.  5 

-6.2 

-8.  4 

-6.  8 

-5.  4 

275.  0 

-4.  6 

-10.  7 

-9.  0 

-6.  6 

-6.  4 

-8.  7 

-6.  3 

-5.  3 

280.  0 

-4.  4 

-11.  1 

-9.  2 

-6.7 

-6.  3 

-8.  7 

-6.  6 

-5.  5 

285.  0 
?an. n _ 

-4.  5 

_ -A.  7.  . 

-11.  1 
_ -1L2 

-9.  4 
_ -9-  4 

-6.  9 

_ t7.  2  . 

-6.  3 

_ -a.  b_ 

-8.  8 
_ -8.9 

-6.  9 
_ -7.  2. 

-5.  6 
_ -5.  7 
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RUN  «6 
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1  «'it  1  ■  *e 
I  n  '  n) 

T  e'nper'atu^e 

16.  7  m a*  i.  66  >  n) 

at  53F I  Depth; 

14.  On*  1.55'n)  32.5’nm  U.  28  m) 

0.  0 

10.  3  C 

10.  3  C 

iO.  1  C 

5.  0 

11.  1 

10.  1 

10.  4 

1C.  0 

6.  3 

6.  2 

9.  8 

15.  0 

-4.  2 

0.  2 

8.  6 

20.  0 

-7.  2 

-6.  0 

6.  4 

26,  0 

-6.  8 

-9.  5 

2.  7 

30.  0 

-6.  5 

-14.  1 

2.  1 

35.  0 

-8.  4 

-14.2 

0.  7 

40.  0 

-9.  2 

-16.  1 

0.  1 

4  5.  0 

-10.  2 

-15.  5 

0.  4 

50.  0 

-1C.  7 

-16.  5 

-0.  3 

55.  0 

-It.  2 

-16.  7 

0.  0 

60.  0 

-11.6 

-17.  4 

0.  0 

65.  0 

-11.6 

-17.  1 

-0.  3 

70.  0 

-11.6 

-17.  9 

0.  0 

75.  0 

-12.  5 

-10.  0 

-0.  5 

80.  0 

-12.  6 

-18.  3 

-0.  6 

85.  0 

-13.  1 

-15.  8 

-0.  7 

90.  0 

-13-  3 

-18.  8 

-0.  5 

96.  0 

-13.  9 

-19.  7 

-0.  6 

ICC.  0 

-14.  0 

-19.  9 

-0.  6 

1 05,  0 

-13.  7 

-18.  5 

-0.  2 

1 10.  0 

14,6 

-20.  2 

-0.  4 

1 16.  0 

-15.  0 

-2 1 .  3 

-0.  7 

120.  0 

-16.  4 

-21.9 

-1.  0 

125.  0 

- 1 6.  6 

-21.9 

-0.  5 

i  30.  0 

-16.  6 

-22.  6 

-1.0 

135.  0 

-15.  4 

-21.6 

-0.  8 

140.  0 

-16.  1 

-22.  9 

-1.  1 

146.  0 

-16.  4 

-21.  1 

-0.  S 

150.  0 

-16.  6 

-21.7 

-0.  8 

155.  0 

-17.  1 

-23.  7 

-1.  1 

160.  0 

-17.  1 

-24.  3 

-0.  9 

165.  0 

-17.  2 

-24.  8 

-l.  ‘ 

170.  0 

-17.  5 

-25.  3 

-1.2 

175.  0 

-17.  5 

-25.  9 

-1.4 

180.  0 

-18.  2 

-26.  1 

-1.  7 

185.  0 

-18.  3 

-26.  1 

-2.  2 

190.  0 

-18.  3 

-26.  8 

-1.  3 

195.  0 

-18.  7 

-27.  1 

-2.  1 

200.  0 

-18.  4 

-27.  6 

-1.5 

205.  0 

-16.  6 

-27.  6 

-0.  8 

210.  0 

-18.  7 

-25.  8 

-l.  8 

215.  0 

-19.  2 

-27.  8 

-2.  5 

220.  0 

-19.  6 

-28.  6 

-2.  7 

225.  0 

-19.  8 

-29.  0 

-2.  7 

230.  0 

-20.  0 

-29.  1 

-2.  7 

235.  0 

-20.  0 

-29.  4 

-2.  6 

240.  0 

-20.  0 

-30.  0 

-2.  7 

246.  0 

-20.  4 

-30.  2 

-2.  7 

250.  0 

-20.  6 

-30.  3 

-2.  9 

255.  0 

-20.  2 

-30.  7 

-2.  8 

260.  0 

-20.  6 

-31.2 

-2.  9 

265.  0 

-20.  8 

-31.3 

-3.  0 

270.  0 

-21.2 

-31.  7 

-3.  1 

275.  0 

-21.2 

-31.8 

-3.  1 

280.  0 

-21.4 

-30.  7 

-3.  5 

285.0 

-21.5 

-32.  2 

-3.  4 

_ -2 1  -8 _ 

-32.  2 _ 

_ =i-3 _ 
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TEST  TIME  0,  Q  MINS 


SIDE  fl 

Em  ssi  vi  P  one  1 

50F  1  Panel 

Pyroneter  Data 

T  hemocouple 

P  yrome  t  er  Left 

B  ■  ght 

10P 

11.1 

10.  0 

8.  8 

10.  Q 

10.  1 

10.  0 

10.  0 

10.  0 

10.  0 

10.  0 

10.  0 

10.  0 

10.  0 

10.  0 

10.  0 

10.  0 

11.1 

10.  0 

10.  3 

10.  0 

10.  5 

8.  8 

9.  7 

9.  9 

10.  0 

8.  3 

8.  S 

9.  9 

11.1 

6.  S 

7.  7 

9.  9 

10.  6 

4.  4 

4.  8 

9.  8 

10.  5 

-3.  3 

-3.  3 

TEST  TIME  IS.  G  MINS 

SIDE  B 

Emssivitj  Panel  50F I  Panel  Pyrometer  Data 


T  hermocoup 1 e 

Pyrometer 

Left 

R  ■  ght 

10P 

1  1.  1 

9.  4 

10.  0 

9.  9 

l  1.  1 

10.  0 

10.  0 

9.  9 

1  t.  1 

9.  4 

9.  4 

9.  9 

1  l.  1 

8.  8 

10.  0 

9.  9 

l  1.  t 

8.  8 

9.  4 

9.  9 

11.1 

7.  2 

8.  3 

9.  8 

11.1 

6.  6 

7.  2 

9.  8 

10.  8 

4.  4 

5.  0 

9.  8 

10.  5 

l.  5 

1.  S 

9.  8 

1 1.  1 

-0.  5 

0.  9 

RFSS 


RUN  #  6 


DRY  2133 


TEST  TIME  30 .  Q  MINS 

SIDE  A 


Emssivitj  Panel  SOFI  Panel  Pyrometer  Data 


T  hemocouple 

Pynometen 

Left 

R  1  gh  t 

TOP 

9.  4 

-8.  6 

-15.  0 

9.  7 

8.  6 

-4.  4 

-4.  4 

9.  6 

10.  7 

-7.  7 

-7.  7 

9.  6 

9.  2 

-7.  S 

-6.  6 

9.  6 

9.  8 

-8.  4 

-7.  8 

9.  6 

10.  0 

-7.  7 

-7.  7 

9.  6 

10.  0 

-8.  3 

-7.  2 

9.  6 

9.  4 

-9.  3 

-7.  7 

9.  6 

9.  4 

-9.  4 

-7.  2 

9.  9 

9.  2 

-S.  6 

-2.  5 

TEST  TIME  45.  0  MINS 

SIDE  B 

Eiussi  vi  ty  Panel  SOF  [  Panel  Pyrometer  Data 


T  henmocoup 1 e 

P  gnome  t  en 

Left 

R  ■  ght 

TOP 

8.  7 

1.  6 

-0.  5 

9.  2 

8.  3 

-1.  1 

0.  0 

9.  2 

8.  3 

-1.  1 

0.  0 

9.  2 

9.  S 

-1.  1 

9.  2 

9.  4 

-0.  S 

-0.  8 

9.  2 

9.  4 

-1.  1 

-0.  4 

9.  2 

8.  3 

-0.  7 

1.  3 

9.  2 

8.  3 

1.3 

1.  6 

9.  2 

8.  3 

1.6 

1.  7 

9.  1 

9.  0 

0.  7 

1.  1 

RFSS 


RUN  #  6 


DRY  2133 


3  TEST  TIME  60.  0  MINS 

i;  SIDE  A 

>.•  Emissivitj  Panel  SO^I  Panel  Pyrometer  Data 

|  Thenmocouple  Pyroneter  Left  Right 


1  OP 

-17.  7 

-ift 

8.  8 

-11.4 

-9.  4 

8.  8 

10.  0 

1 

OO 

oo 

o 

o 

1 

8.  8 

CO 

-9.  4 

-8.  8 

8.  8 

10.  0 

-9.  4 

-10.  5 

8.  8 

03 

CD 

-12.  7 

-10.  0 

8.  8 

10.  0 

-7.  7 

-9.  4 

8.  7 

9.  6 

-9.  4 

-9.  4 

8.  7 

CO 

oo 

-9.  4 

-8.  3 

8.  7 

10.  0 

_ -8 .2 

-9.  2 

I  TEST  TIME  75.0  MINS 

SIDE  B 

Emissivity  Panel  S0F I  Panel  Pyrometer  Data 


T  henmocouple 

P  gromet  er 

Left 

Right 

TOP 

7.  2 

-4.  4 

-4.  4 

8.  6 

7.  2 

-5.  5 

-5.  0 

8.  6 

7.  2 

-5.  5 

-4.  4 

8.  0 

7.  2 

-5.  0 

-4.  3 

8.  6 

7.  2 

-5.  0 

-3.  3 

8.  S 

7.  5 

-3.  8 

-5.  0 

8.  6 

7.  2 

-3.  8 

-3.  7 

8.  S 

7.  2 

-4.  4 

-4.  3 

8.  6 

7.  2 

-5.  0 

-4.  4 

_ _ 

_ 7,2 

-5.  0 

-3.  5 

AFSS 


RUN  »  6 


DRY  2133 


fc\* 

:v 

u*’ 

1 

v  TEST  TIME  90,  0  MINS 

SIDE  fl 


En  i  ssi  v  i  tg  Pone!  SOP  I  Panel  Pyrometer  Data 


T  hernocouple 

P  groiiet  en 

Lett 

R  ■  ght 

1  0P 

6.  6 

-20.  2 

-19.  4 

8.  3 

7.  2 

-13.  7 

-11.6 

8.  3 

7.  2 

-13.  Q 

-12,  2 

8.  3 

7.  2 

-13.  8 

-11.6 

8.  3 

7.  2 

-13.  3 

-12.  7 

8.  3 

7.  7 

-13.  3 

-12.  2 

8.  3 

7.  7 

-9.  4 

-9.  0 

8.  4 

7.  7 

-11.8 

-11.6 

8.  4 

7.  2 

-11.3 

-8.  8 

8.  3 

7.  3 

-1  l.  1 

-9.  2 

TEST  TIME  105,  0  MINS 

SIDE  B 


Emssi  vi  tg  Panel  S0FI  Panel  P  gronetef'  Data 


T  hertiocouple 

Pyrometer 

Lett 

R  •  gh t 

7  CP 

6.  6 

-3.  3 

-2.  2 

8.  2 

7.  7 

-3.  0 

-4.  0 

8.  1 

7.  3 

-2.  8 

-2.  6 

8.  1 

7.  2 

-3.  0 

-3.  7 

8.  2 

7.  2 

-3.  8 

-2.  7 

8.  2 

7.  2 

-3.  8 

-3.  2 

8.  2 

7.  7 

-2.  3 

-2.  2 

8.  2 

7.  7 

-2.  2 

-2.  2 

8.  2 

8.  3 

-3.  8 

-3.  1 

8.  2 

7.  8 

-3.  3 

-2.  3 

159 


i 


AFSS 


RUN  #  6 


DAY  2133 


TEST  TIME  120.  0  MINS 

SIDE  A 

Emssivitg  Panel  S0F  I  Panel  Pgro-neter  Da 


Then. ’nocouple 


P  gno'ne  ten 


Left 


TOP 

7.  5 

7.  9 

7.  2 

7.  9 

7.  2 

7.  9 

7.  2 

7.  9 

7.  7 

8.  0 

8.  3 

7.  9 

7.  7 

8.  0 

7.  6 

8.  0 

7.  8 

7.  9 

8.  3 

-11.1 
-9.  4 
-11.6 
-10.  0 
-9.  4 
-9.  7 
-1  1 .  I 
-8.  2 


Right 


-20.  0 
-11.1 
-11.1 
-10.  6 
-10.  9 


-1  l.  1 
-6.  8 


TEST  TIME  135.  Q  MINS 

SIDE  B 

Emssivitd  Panel  S0F I  Panel  Pgro-neten  Data 


E  *n  i  ss  i  v  i  t  g  P  ane  l 
T  hen-nocauple 


P  gnomet  en 


Left 


R  ■  ght 


-2.  7 
-4.  4 
-4.  1 
-3.  8 
-4.  2 
-2.  2 
-2.  7 
-3.  0 
-3.  2 


60 


flFSS 


RUN  »  6 


DRY  2133 


TEST  TIME  150,  0  MINS 

SIDE  R 


Emssivitg  Panel  SQF I  Panel  Pgro-neten  Data 


T  herfiocouple 

P  gnome  t  er 

Lett 

R  ■  ght 

7  OP 

7.  2 

-19.  0 

-19.  4 

7.  4 

7.  2 

-13.  3 

-11.1 

7.  4 

6.  S 

-12.  7 

-12.  2 

7.  4 

6.  6 

-11.1 

-10.  3 

7.  4 

7.  7 

-14.  4 

-12.  7 

7.  5 

7.  7 

-13.  8 

-13.  8 

7.  5 

7.  7 

-11.3 

-10.  3 

7.  5 

7.  2 

-12.  2 

-11.6 

7.  5 

7.  7 

-12.  2 

-10.  0 

7.  4 

7.  2 

-9.  4 

-9.  4 

TEST  TIME  165.  0  MINS 

SIDE  B 


Emissivitg  Panel  S0F  I  Panel  Pgrotieter  Data 


T  hermocoup  1  e 

P  gnomet  er 

Lett 

Right 

TOP 

6.  2 

-5.  5 

-4.  2 

7.  2 

6.  5 

-S.  1 

-6.  1 

7.  2 

6.  6 

-6.  1 

-5.  5 

7.  3 

6.  6 

-6.  1 

-6.  1 

7.  3 

S.  6 

-5.  5 

-5.  5 

7.  3 

6.  S 

-6.  1 

-3.  3 

7.  3 

6.  6 

-3.  0 

-4.  4 

7.  3 

6.  6 

-5.  5 

-4.  4 

7.  3 

7.  2 

-6.  S 

-5.  4 

7.  3 

_ Li _ 

_ -6.  1 

-3.  8 

HFSS 


RUN  «  6 


DRY  2133 


TEST  TIME  180.  0  MINS 

SIDE  R 


Etn  ssi  v  i  tj  P  one  1 
Thermocouple  Pyrometer 


SOFI  Panel  Pyrometer  Doto 


Lett 


-14.  2 
-11.1 
-11.1 
-11.1 
-12.  7 
-11.6 
-9.  4 


R  ■  ght 


-9.  4 
-9.  4 
-11.3 
-10.  6 
-9.  4 
-9.  1 
-7.  2 


TEST  TIME  195.  0  MINS 

SIDE  B 

Emissivity  Panel  50F 1  Panel  Pyrometer  Data 


T  hermocoup 1 e 


P  yromet  er 


Left 


Right 


-2,  7 

-2.  2 

-3.  3 

-2.  7 

-3.  3 

-3.  3 

-4.  2 

-3.  0 

-2.  7 

-2.  7 

-3.  2 

-3.  3 

-3.  3 

-3.  1 

-3.  3 

-2.  2 

i 

CjO 

00 

-2.  4 

TOP 


flF  5  5 


RUN  «  6 


DRY  2133 


TEST  TIME  210,  0  MINS 

SIDE  fl 

Efliissi  \/i  ty  Pane!  S0FI  Panel  Pyroneter  Qoto 


T  hernocouple 

Pyrometer 

Left 

R  ■  ght 

10P 

6.  1 

-16.  2 

-16.  0 

6.  7 

S.  1 

-11,6 

-11.6 

6.  7 

6.  1 

-12.  7 

-12.  2 

6.  7 

S.  1 

-12.  2 

-12.  2 

6.  8 

S.  6 

-13.  3 

-12.  7 

6.  8 

6.  6 

-11.6 

-12.  7 

6.  9 

6.  6 

-10.  5 

-8.  3 

6.  9 

6.  7 

-10.  5 

-10.  5 

6,  9 

6.  S 

-9.  4 

-8.  8 

6.  9 

6.  6 

-8.  8 

-8.  8 

TEST  TIME  225,  Q  MINS 

SIDE  B 

Emssivity  Panel  S0FI  Panel  Pyrometer  Data 


T  hernocouple 

Pyrometer 

Left 

R  ■  ght 

6.  6 

-3.  3 

-3.  3 

6.  6 

6.  3 

-3.  8 

-3.  8 

6.  6 

6.  6 

-8.  0 

-3.  8 

6.  7 

7.  2 

-b.  5 

-3.  8 

6.  7 

7.  2 

-4.  4 

-4.  4 

6.  8 

6.  6 

-4.  4 

-4.  4 

6.  8 

7.  2 

-3.  3 

-2.  7 

6.  8 

7.  2 

-4.  4 

-3.  6 

6.  8 

7.  2 

-b.  0 

-3.  3 

6.  8 

_ 7.  2 

-3.  8 

-2.  7 

AFSS 


RUN  #  6 


DRY  2133 


TEST  TIME  240,  Q  MINS 

SIDE  ft 

Emssi  vi  tg  Panel  S  0  F  I  Panel  Pyrometer  Data 


T  henmocoupl e 

P  jn  o'ne  ten 

Left 

R'ght 

TOP 

6.  1 

-15.  5 

-15.  0 

6.  4 

6.  2 

-11.8 

-9.  4 

6.  4 

6.  S 

-12.  2 

-10.  5 

6.  5 

S.  S 

-11.6 

-10.  5 

6.  6 

6.  6 

-12.  7 

-11.6 

6.  6 

6.  6 

-10.  5 

-12.  2 

6.  S 

6.  6 

-9.  4 

-8.  3 

6.  S 

6.  6 

-8.  7 

-9.  4 

6.  6 

6.  6 

-1  l.  1 

-8.  8 

6.  6 

6.  6 

-9.  4 

-8.  3 

TEST  TIME  255.  0  MINS 

SIDE  B 

Em  ssi  vi  tg  Panel  SOF  I  Panel  Pgronetef  Data 

T  her-nocouple  Pgroneter  Left  R'ght 


flFSS 

RUN  «  6 

DRY  2133 

TEST  TIME 

270.  0  MINS 

SIDE  A 

Emissivity  Panel 

SOFI 

Panel  Pyrometer  Data 

T  hermocouple 

Pyrometer 

Left  R ■ ght 

-14.  4 
-9.  4 
-10.  0 
-11.1 
-12.  2 
-11.6 
-8.  8 
-10.  5 
-9.  4 
-8.  3 


TEST  TIME  285.  0  MINS 

SIDE  B 


Emissivitg  Panel 
Thermocouple  Pyrometer 


S0FI  Panel  Pyrometer  Data 


Left 


R  ■  ght 


flFSS 


RUN  » 7 


DRY  2139 


1 

! 


h 


h 


P 


i 


Test  1 : ne 
turn) 

nod'  o^eters  c«  2 

West  East 

0.  0 

18.  4  C 

19.  1  C 

18.  2  C 

18.  3  C 

-0.  230 

-0.  230 

5.  0 

18.  3 

19.  1 

18.  2 

18.  1 

C.  000 

-0. 230 

1C.  0 

17.  9 

19.  1 

18.  1 

18.  0 

0.  000 

0.  230 

15.  c 

17.  9 

19.  0 

18.  0 

17.  8 

0.  69C 

1.  149 

20.  C 

17.  9 

18.  7 

17.  8 

17.  7 

1.  379 

2.  529 

2b.  0 

17.  8 

18.  6 

17.  7 

17.  5 

2.  759 

5.  517 

30.  0 

17.  6 

18.  4 

17.  6 

17.  4 

4.  368 

6.  437 

35.  0 

17.  3 

18.  3 

17.  4 

17.  2 

4.  598 

6,  437 

40.  0 

17.  6 

18.  2 

17.  4 

17.  1 

4.  368 

6,  207 

45.  0 

17.  6 

17.  9 

17.  3 

17.  0 

4.  138 

5.  977 

50.  0 

17.  0 

17.  9 

17.  2 

16.  9 

3.  908 

5.  517 

55.  0 

17.  3 

17.  9 

17.  1 

16.  9 

3.  678 

5.  057 

60.  0 

17.  3 

18.  0 

17.  2 

16.  8 

3.  448 

4.  828 

65.  0 

17.  5 

17.  7 

17.  1 

16.  7 

3.  218 

4.  593 

70.  0 

17.  3 

17.  6 

17.  1 

16.  8 

3.  218 

4.  138 

75.  0 

17.  3 

17.  5 

17.  0 

16.  8 

2.  986 

3.  908 

80.  0 

17.  2 

17.  3 

16.  9 

16.  7 

2.  988 

3.  908 

85.  0 

17.  3 

17.  4 

16.  9 

16.  6 

2.  759 

3.  448 

90.  0 

17.  3 

17.  3 

16.  8 

16.  6 

3.  448 

95.  0 

17.  3 

17.  3 

i  6.  8 

16.  6 

3.  218 

100.  0 

17.  2 

17.  3 

IS.  8 

16.  5 

2.  299 

3.  218 

105.  0 

17.  2 

17.  2 

16.  8 

16.  5 

2.  299 

3.  218 

110.  0 

17.  2 

17.  2 

16.  8 

16.  5 

2.  299 

2.  988 

115.0 

17.  0 

17.  2 

16.  9 

16.  5 

2.  299 

2.  988 

120.  0 

17.  2 

17.  2 

16.  8 

16.  5 

2.  299 

2.  759 

125.  0 

17.  2 

17.  1 

16.  8 

16.  4 

2.  299 

2.  759 

130.  0 

17.  3 

16.  9 

16.  8 

16.  4 

2.  299 

2.  759 

135.  0 

17.  3 

16.  9 

16.  8 

16.  4 

2.  069 

2.  988 

140.  0 

17.  3 

16.  8 

16.  7 

16.  3 

2.  069 

2.  988 

145.  0 

17.  3 

IS.  8 

16.  9 

16.  4 

2.  069 

2.  988 

150.  0 

17.  2 

16.  7 

16.  7 

16.  3 

2.  069 

2.  988 

155.  0 

17.  2 

16.  6 

16.  7 

16.  3 

2.  069 

2.  988 

160.  C 

17.  2 

16.  6 

16.  7 

16.  2 

2.  069 

2.  759 

165.  0 

17.  1 

16.  5 

i 6.  6 

16,  2 

1. 839 

2.  759 

1 70.  0 

17.  2 

16.  5 

i 6.  5 

16.  1 

1.  839 

2.  759 

175.  0 

17.  1 

16.  5 

16.  6 

16.  2 

2.  069 

2.  069 

180.  0 

17.  1 

16.  5 

16.  5 

16.  1 

4.  138 

5.  517 

185.  0 

17.  1 

16.  5 

16.  5 

16.  1 

3.  678 

4.  598 

190.  0 

17.  1 

16.  6 

16.  6 

16.  1 

3.  448 

4.  598 

195.  0 

17.  0 

16.  5 

■exm 

16.  0 

3.  218 

4.  368 

200.  0 

17.  0 

16.  4 

in 

16.  1 

2.  988 

3.  908 

205.  0 

16.  9 

16.  4 

liW 

1 6.  1 

2.  759 

3.  908 

210.  0 

16.  9 

16.  5 

KM 

16.  0 

2.  759 

4.  138 

215.  0 

16.  9 

16.  5 

warn 

15.  7 

3.  908 

220.  0 

16.  9 

16.  4 

16.  4 

15.  7 

2.  759 

3.  908 

225.  0 

16.  9 

16.  4 

16.  4 

15.  7 

2.  759 

3.  908 

230.  0 

16.  8 

16.  4 

16.  4 

15.  6 

2.  759 

3.  678 

235.  0 

16.  9 

16.  3 

16.  3 

15.  7 

2.  759 

3.  448 

240.  0 

16.  8 

16.  3 

16.  3 

15.  7 

2.  759 

2.  759 

245.  0 

16.  8 

16.  3 

16.  3 

15.  6 

2.  759 

1. 839 

250.  0 

16,  8 

16.  2 

16.  3 

15.  6 

2.  759 

2.  529 

255.  0 

16.  7 

16.  1 

16.  2 

15.  5 

2.  988 

260.  0 

16.  7 

16.  0 

16.  2 

15.  6 

2.  988 

265.  0 

16.  7 

16.  0 

16.  1 

15.  5 

3.  218 

270.  0 

16.  7 

15.  9 

16.  0 

15.  4 

2.  299 

3.  218 

275.  0 

16.  7 

16.  0 

16.  1 

15.  5 

2.  299 

2. 988  | 

280.  0 

16.  6 

15.  9 

16.  0 

15.  4 

2.  299 

2. 988  | 

285.  0 

16.  6 

15.  8 

15.  9 

15.  3 

2.  299 

2.  988  ! 

MV'X'TiWYHl 

_ LfLJs _ 

_ UL.9 _ 

_ Uu_4 _ 

KJV'X'E^B 

_ 2.  388 _ 

RFSS 


RUN  #7 


DRY  2139 


T  est  1  • ne 

i  n  i  n) 

MS 

HI 

P  1  as  t 

N 

1  c  W  o  1  1  s 

5  E 

W 

0.  0 

17.  9C 

■EE9 

17.  7C 

17.  4C 

18.  9C 

18.  8C 

KB 

5.  0 

17.  8 

17.  7 

17.  3 

18.  7 

18.  7 

n 

10.  0 

17.  7 

imH 

17.  6 

17.  3 

18.  5 

18.  5 

■fill 

15.  0 

17.  6 

18.  6 

17.  5 

17.  3 

18.  3 

18.  4 

18.  1 

SH 

20.  0 

17.  5 

18.  5 

17.  4 

17.  2 

18.  2 

18.  3 

i7.  9 

18.  6 

25.  0 

17.  4 

18.  4 

17.  3 

17.  l 

18.  1 

18.  1 

17.  8 

18.  6 

30.  0 

17.  2 

18.  3 

17.  2 

17.  0 

17.  9 

17.  9 

17.  6 

18.  4 

35.  0 

17.  l 

18.  1 

7.  1 

16.  9 

17.  8 

17.  8 

17.  6 

18.  3 

40.  0 

17.  0 

17.  9 

17.  1 

16.  8 

17.  7 

17.  7 

17.  4 

18.  2 

4  5.  0 

17.  1 

17.  9 

17.0 

16.  8 

17.  6 

17.  6 

17.  4 

18.  1 

50.  0 

17.  1 

17.  9 
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5.  2 

6.  3 

175.  0 

5.  4 

3.  2 

5.  1 

6.  4 

3.  9 

13.  2 

5.  7 

6.  7 

180.  0 

5.  5 

3.  2 

4.  9 

7.  2 

4.  1 

13.  3 

5.  0 

7.  0 

185.  0 

5.  4 

3.  3 

5.  2 

6.  4 

3.  8 

13.  7 

4.  9 

6.  5 

i 90.  0 

6.  3 

3.  1 

5.  0 

6.  6 

4.  5 

i  3.  3 

5.  1 

6.  5 

195.  0 

6.  1 

3.  2 

4.  9 

6.  6 

4.  6 

13.  7 

5.  1 

6.  8 

200.  0 

6.  5 

3.  2 

4.  8 

5.  9 

4.  8 

13.  8 

5.  8 

205.  0 

6.  8 

3.  1 

4.  8 

6.  0 

4.  7 

13.  8 

5.  2 

210.  0 

6.  3 

3.  0 

4.  9 

5.  8 

4.  3 

13.  4 

5.  0 

215.  0 

5.  7 

3.  2 

4.  9 

6.  2 

4.  4 

13.  7 

4.  6 

220.  0 

6.  4 

3.  0 

4.  8 

6.  2 

5.  1 

13.  8 

5.  1 

225.  0 

5.  7 

2.  9 

4.  7 

6.  4 

4.  7 

13.  8 

5.  2 

5.  8 

230.  0 

6.  1 

2.  9 

4.  5 

6.  0 

4.  7 

13.  6 

4.  7 

7.  3 

235.  0 

6.  2 

3.  1 

4.  3 

5.  8 

5.  0 

13.  7 

5.  Q 

6.  1 

240.  0 

6.  9 

3.  1 

4.  8 

6.  4 

5.  1 

13.  4 

5.  1 

6.  2 

245.  0 

6.  4 

2.  8 

4.  7 

5.  7 

4.  9 

13.  7 

4.  7 

6.  4 

250.  0 

6.  4 

3.  1 

4.  7 

5.  8 

5.  0 

13.  7 

4.  7 

6.  2 

255.  0 

6.  3 

2.  4 

4.  4 

4.  7 

13.  3 

4.  e 

5.  6 

260.  0 

5.  7 

3.  2 

4.  4 

4.  2 

13.  2 

5.  0 

5.  8 

265.  0 

6.  t 

2.6 

4.  0 

4.  2 

13.  1 

5.  0 

6.  1 

270.  0 

4.  9 

2.  1 

4.  2 

3.  7 

13.  1 

9999. ! 

1  5.  7 

275.  0 

5.  0 

2.  3 

4.  3 

3.  7 

12.  7 

4.  8 

6.  6 

280.  0 

5.  2 

2.  4 

4.  3 

6.  1 

3.  4 

12.  2 

4.  8 

5.  8 

285.  0 

5.  0 

2.  6 

3.  8 

3.  4 

12.  4 

4.  7 

5.  8 

_ _ 

_ 2*J _ 

_ 4^2 _ 

■VB 

_ 3^2 _ 

_ L2*JL_ 

1-  JiL-2 _ 
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RUN  «  7 


TEST  TIME  0.  0 


Emissivtty  Panel 


AFSS 


RUN  »  7 


DAY  2139 


TEST  TIME  30.  0  MINS 

SIDF  A 

Emis^ivity  Panel  S0F  I  Panel  Pyrometer  Data 


Thermocouple  Pyrometer  Left  Right 


TCP  18.4 

17.  7 

-9.  0 

-9.  2 

18.  4 

17.  7 

-0.  5 

1.  6 

18.  3 

17.  7 

-0.  7 

1.  2 

18.  2 

18.  1 

-0.  3 

1.  3 

18.  1 

17.  7 

-0.  9 

-0.  9 

18.  0 

17.  7 

0.  9 

0.  0 

17.  9 

17.  6 

1.  1 

1 .  S 

17.  8 

17.  7 

1.  Q 

1.  S 

17.  7 

17.  2 

1.  1 

1.  3 

17.  6 

17.  7 

2.  2 

3.  1 

TEST  TIME  4 5 .  Q  MINS 

SIDE  B 


Em  ss  i  v  i  Panel  90F  I  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  Lett  Right 


TCP  18.0 

17.  7 

6.  3 

7.  2 

18.  0 

l  7.  5 

5.  9 

3.  2 

17.  8 

17.  8 

6.  1 

7.  0 

17.  8 

17.  2 

7.  0 

7.  1 

17.  7 

17.  2 

7.  2 

6.  6 

17.  6 

16.  8 

7.  3 

7.  1 

17.  9 

IS.  7 

7.  Q 

6.  6 

17.  4 

17.  0 

9.  9 

6.  4 

17.  3 

16.  8 

6.  7 

6.  7 

17.  2 

IS.  8 

6.  7 

7.  2 

flFSS 


RUN  «  7 


DAT  2139 


1 


i 

*■ 

i 

i 

V- 

» 

J 


l 


t 


TEST 

TIME  SO,  Q 

MINS 

SIDE  A 

EtllSS! 

y  i  t  g  P  one  1 

5 O F I  Panel  Pyrometer  Data 

T  her mocoup 1 e 

F  gnome  t  er 

Left 

R  i  ght 

TGp  17.8 

17.  7 

-3.  0 

-4.  4 

17.  7 

17.  2 

1.  1 

1  .  6 

17.  6 

17.  7 

1.  3 

1.  6 

17.  5 

16.  8 

1.  6 

1.  5 

17.  4 

16.  6 

1 .  5 

0.  8 

17.  4 

16.  7 

1.  2 

1.  1 

17.  3 

16.  8 

2.  2 

2.  2 

17.  2 

17.  0 

2.  7 

2.  7 

17.  1 

16.  6 

2.  7 

3.  6 

16.  9 

16.  3 

4.  1 

3.  8 

TEST  TIME  75.  Q  MINS 


SIDE  B 

E  m  i  s  s  i  v  i  t  g  Panel 

SOP  I  P  one  1 

Pyrometer  Data 

T  her mocoup 1 e 

Pyrometer  Left 

Right 

T°p  17.5 

17.  2 

8.  3 

7.  2 

17.  5 

17.  2 

6.  6 

5.  5 

17.  4 

17.  2 

5.  6 

6.  1 

17.  3 

17.  2 

6.  5 

8.  0 

17.  3 

17.  2 

6.  6 

6.  8 

17  2 

17.  0 

6.  6 

7.  2 

17.  1 

16.  7 

7.  2 

7.  7 

17.  1 

17.  0 

7.  7 

7.  7 

16.  9 

16.  7 

6.  7 

6.  6 

16.  8 

16.  6 

5.  7 

6.  9 

173 


AFSS  RUN  »  7  DRY  2139 

I 


TEST  TIME  90 .  0  MINS 

SIDF  A 


Eni  ss  i  v  i  ty  Panel  S0F1  Panel  Pyroneter  Data 


T  her  mocoup 1 e 

Pyrometer 

Left 

R  :  ght 

TOP  17.3 

17.  7 

-6.  1 

-4.  Q 

17.  2 

16.  7 

1.  2 

1.  6 

17.  2 

17.  1 

-0.  5 

1.  1 

17.  1 

16.  6 

1.  1 

1.  6 

17.  1 

16.  6 

1.  6 

1.  2 

17.  0 

16.  8 

0.  6 

0.  5 

16.  9 

16.  8 

2.  2 

2.  7 

16.  8 

16.  6 

2.  2 

1.  6 

16.  7 

16.  6 

2.  2 

3.  2 

_ 16.  6 

16.  6 

3.  3 

2.  2 

TEST  TIME  105. Q  MINS 

SIDE  B 


Emisrivity  Panel  SOF I  Panel  Pyrometer  Data 


The-mocouple 

Pyrometer 

Left 

R  i  ght 

TOP  17.2 

17.  7 

7.  5 

7.  7 

17.  1 

17.  2 

6.  3 

7.  5 

17.  0 

17.  2 

7.  2 

7.  7 

16.  9 

16.  8 

7.  8 

7.  7 

16.  9 

17.  2 

7.  7 

8.  3 

16.  8 

17.  5 

7.  3 

7.  7 

16.  8 

16.  8 

8.  3 

8.  3 

16.  7 

16.  5 

7.  6 

8.  3 

16.  6 

16.  6 

8.  0 

8.  3 

16.  6 

8.  3 

9.  8 

flFSS 


RIJN  »  7 


DRY  2139 


TEST  TIME  120.  0  MINS 

SIDE  R 

Emissivity  Panel  S0F  [  Panel  Pyroneter  Data 

Thermocouple  Pyrometer  Left  R'gnt 


10P  17.  i 

17.  6 

-4.  4 

-3.  8 

17.  Q 

17.  2 

0.  0 

2.  3 

16.  9 

17.  3 

2.  2 

2.  7 

CD 

CO 

16.  6 

2.  7 

3.  4 

16.  8 

16.  6 

2.  2 

1.  6 

16.  8 

16.  6 

1.  7 

1.  6 

16.  7 

16.  6 

3.  3 

2.  8 

16.  6 

16.  6 

1.  6 

2.  0 

16.  6 

16.  6 

3.  3 

2.  7 

16.  4 

16.  6 

3.  S 

3.  8 

TEST  TIME  135.  Q  MINS 


SIDE  B 

Emssi  vi  tj  P  ane  1 

50F I  P  ane 1 

Pyrometer  Data 

T  hermocoup 1 e 

Pyrometer  Left 

R  :  ght 

TCP  16.9 

16.  6 

7.  7 

8.  3 

16.  9 

17.  0 

7.  7 

8.  3 

16.  8 

16.  6 

9.  1 

8.  6 

16.  7 

16.  8 

8.  3 

8.  9 

16.  7 

16.  6 

8.  8 

10.  0 

16.  7 

16.  6 

8.  8 

10.  0 

16.  6 

16.  6 

10.  0 

10.  5 

16.  6 

16.  6 

10.  0 

10.  0 

16.  4 

16.  6 

10.  o 

10.  0 

16.  3 

16.  5 

9.  4 

10.  b 

flFSS 


RUN  «  / 


DRY  2139 


TEST  TIME  ISO,  Q  MINS 

SIDE  0 

Emssi  *"  Panel  50p  I  Panel  Pyrometer-  Date 


T  hen-nocouple 

P  yno-ne  t  en 

Lett 

R  ■  gh  t 

1CP  16.8 

16.  8 

-6.  3 

-8.  8 

16.  8 

16.  8 

0.  3 

2.  2 

16.  7 

16.  6 

1.  1 

2.  3 

16.  6 

16.  3 

1.  6 

2.  7 

16.  6 

16.  8 

2.  2 

2.  7 

16.  6 

16.  8 

2.  2 

l.  6 

16.  8 

16.  4 

3.  7 

3.  0 

16.  4 

16.  1 

2.  2 

2.  6 

16.  3 

16.  1 

3.  3 

3.  1 

16.  2 

16.  1 

4.  8 

4.  4 

TEST  TIME  165.  Q  MINS 

SIDE  B 

Ehissivi  tg  Panel  SOFI  Panel  Pyrometer  Data 


T  hen-nocoup  1  e 

P  ynome  t  en 

Left 

R  1  gh  t 

16.6 

16.  1 

9.  Q 

10.  0 

16.  6 

16.  1 

8.  3 

8.  7 

16.  6 

16.  2 

8.  3 

8.  8 

16.  8 

16.  1 

8.  3 

8.  8 

16.  8 

16.  2 

8.  3 

8.  3 

16.  4 

16.  1 

7.  2 

7.  6 

16.  4 

16.  t 

7.  7 

8.  8 

16.  4 

16.  1 

8.  1 

8.  3 

16.  3 

16.  3 

8.  2 

9.  0 

16.  2 

16.  1 _ 

8.  0 

8.  8 

flFSS 


RUN  #  7 


DRY  2139 


TEST  TIME  180. 0  MINS 

SIDE  A 

Enissivitj  Panel  SOFl  Panel  Pynometen  Data 


T  hen'nocouple 

P  gr one t  en 

Left 

R  ■  ght 

TGp  16.6 

-8.  8 

-8.  2 

16.  5 

1 

-2.  5 

0.  0 

16.  4 

-l.  1 

0.  0 

16.  4 

16.  6 

0.  8 

1.  1 

16.  4 

16.  6 

1.  6 

t.  6 

16.  3 

16.  6 

1.  2 

1.  6 

16.  3 

16.  6 

1.  6 

1.  6 

16.  3 

16.  6 

1. 5 

1. 6 

16.  3 

16.  6 

1.  1 

2.  2 

16.  2 

16.  5 

2.  7 

1.  7 

TEST  TIME  195. 0  MINS 

SIDE  B 


En  i  ss  i  v  i  ty  Panel  S0F  I  Panel  Pynonieten  Data 


T  henmocoup 1 e 

P  yno'ne  t  en 

Left 

R  '  ght 

16.6 

7.  2 

7.  2 

16.  5 

|  1 

5.  5 

7.  2 

16.  4 

16.  3 

6.  1 

6.  6 

16.  4 

16.  5 

7.  2 

7.  8 

16.  4 

16.  1 

8.  0 

8.  0 

16.  3 

16.  6 

8.  3 

7.  7 

16.  3 

16.  2 

8.  3 

9.  2 

16.  3 

16.  1 

7.  6 

8.  6 

16.  2 

16.  1 

7.  7 

8.  7 

_ 16.  1 

_ ULJ _ 

7.  3 

8.  3 

TEST  TIME  225.  Q  MINS 


SIDF  B 

Ettisstvity  Panel 

SQF I  P  ane 1 

P  yromet  er  Data 

T her mocoup 1 e 

Pyrometer  Left 

R  i  ght 

TOP  16.4 

■ 

7.  7 

7.  7 

16.  3 

1  - 

5.  2 

6.  1 

16.  3 

16.  6 

5.  5 

6.  3 

16.  2 

16.  1 

6.  1 

7.  0 

16.  2 

16.  6 

7.  2 

7.  7 

16.  2 

16.  1 

7.  7 

7.  2 

16.  1 

16.  1 

7.  2 

7.  2 

16.  1 

16.  t 

7.  7 

8.  6 

16.  0 

16.  2 

7.  2 

8.  2 

_ LLJL 

_ LfLJ _ 

7.  7 

8.  8 

AFSS 


RUN  #  7 


DAT  2139 


TEST  TIME  240. 0  MINS 

SIDE  A 

Emissivity  Panel  5QFI  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  Left  Rght 


TOP  16.3 

■ 

-2.  2 

-2.  2 

16.  3 

1.  7 

1.  6 

16.  2 

16.  6 

t.  6 

1.  6 

16.  2 

16.  7 

2.  6 

1.  6 

16.  1 

16.  2 

4.  Q 

2.  7 

16.  1 

16.  1 

2.  7 

2.  8 

16.  0 

16.  1 

3.  8 

3.  4 

16.  0 

16.  t 

3.  3 

3.  8 

16.  9 

16.  1 

2.  7 

3.  3 

16.  8 

16.  1 

4.  4 

4.  2 

TEST  TIME  255.  0  MINS 

SIDE  B 


Em  ssi  vi  tjj  Panel  50F I  Panel  Pyrometer  Data 


T  hermocouple 

Pyrometer 

Left 

Right 

TOP  16.2 

15.  8 

9.  8 

9.  4 

16.  2 

15.  5 

8.  3 

8.  3 

16.  1 

16.  1 

8.  2 

8.  5 

16.  1 

16.  1 

8.  3 

9.  4 

16.  0 

16.  1 

8.  3 

9.  4 

16.  9 

16.  1 

8.  8 

8.  5 

16.  9 

15.  5 

8.  3 

9.  4 

15.  8 

16.  1 

8.  4 

8.  3 

15.  8 

16.  1 

7.  2 

8.  3 

_ 15.  7 

16.  1 

8.  3 

8.  3 

AFS5 


RUN  #  7 


DRY  2139 


II 


TEST  TIME  270.  0  MINS 

SIDE  fl 


Panel 

T  henmocouple 


Pgro'neten 


S.  0 

16.  1 

15.  5 

16.  1 
15.  5 
15.  8 
15.  1 
15.  5 


SOF  1  Panel  P  yroTieter  Data 


Left 


R  ■  g  h  t 


TEST  TIME  285.  0  MINS 


SIDE  B 


Emssivitj  Panel 
T  henwocoup 1 e 


S 0 F  I  Panel  Pyrometer  Data 


Pynoneten 


Left 


Right 


J  I*  w  (  t» 

1  r  -rip 


7.  ‘,tr 
7.  i  J  1 
5  3i7 
5  137 
V  :  77 
5.  C7  , 
5.  1 37 
3.  3  i7 


CO  o 


RF55 


RUN  «8 


DRY  2144 


o.  o 

5.  0 
1C.  0 
1cj.  0 
20.  0 
25.  0 
30.  0 
35.  0 
40.  0 
45.  0 
50.  0 
55.  0 
60.  0 
65.  0 
70.  0 
75.  0 
80.  0 
85.  0 
90.  0 
95.  0 
100.  0 
105.  0 
1 10.  0 
115.  0 
120.  0 
125.  0 
130.  0 
135.  0 
140.  0 
145.  0 
150.  0 
155.  0 
160.  0 
165.  0 
170.  0 
175.  0 
180.  0 
185.  0 
190.  0 
195.  0 
200.  0 
205.  0 
210.  0 
215.  0 
220.  0 
225.  0 
230.  0 
235.  0 
240.  0 
245.  0 
250.  0 
255.  0 
260.  0 
265.  0 
270.  0 
275.  0 
280.  0 
285.  0 


2.  6C 
2.  9 
11.7 
1C.  4 
11.  2 
11.2 
11.0 
12.  0 

12.  5 

13.  2 
13.  4 
13.  0 
12.  7 

12.  7 

13.  4 

14.  1 

15.  2 
15.  2 
14.  6 
14.  7 

14.  9 

15.  2 
15.  i 
14.  5 

13.  8 

14.  1 

13.  9 

14.  4 
14.  9 
14.  9 

14.  8 

15.  0 
15.  2 
15.  4 
15.  3 
14.  9 
1'.  6 

14.  8 

15.  2 
15.  0 
15.  2 


1. 8C 
1.  7 
1.6 
11.  1 
0.  9 
0.  9 

10.  9 

11.  2 
i  1.  9 
12.  2 
12.  4 
12.  6 

12.  9 

13.  2 

13.  4 

14.  0 
14.  7 
14.  8 
14.  6 
14.  2 
14.  3 
14.  2 
14.  3 
14.  2 
13.  8 
13.  7 
13.  7 

13.  8 

14.  I 
14.  3 
14.  3 
14.  3 
14.  6 
14.  7 
14.  8 
14.  6 
14.  5 
14.  4 
14.  5 
14.  7 
14.  8 
14.  9 

14.  8 

15.  3 

16.  2 
16.  4 
16.  2 
16.  1 
16,  0 
15.  8 
15.  4 
15.  1 
15.  1 
14.  8 
14.  7 
14.  6 
14.  4 
14.  5 


.  2C 
.  2 
.  2 
11.  2 
It.  2 
1  1.  2 
11.  1 
11.  1 
11.  1 
11.  1 
11.  1 
11.  1 
11.  1 
1 1.  0 
11.0 
11.  1 
11.  1 
1  1.  1 
11.  1 
1 1. 0 
11.1 
1 1. 1 
11.1 
11. 1 
11. 1 
11. 1 
11. 1 
11. 1 
11. 1 
11. 1 
i  t.  2 
11.2 
11,2 
11.2 
11.  2 
11.2 
it.  2 
11.2 
11.2 
11.  2 
11.  2 
11.  3 
11.  3 
11.  3 

I  1.  3 
11.  3 
11.  3 
11.  4 

II  4 
11.  4 
11.  4 
11.  4 

11.4 
11.  4 
11.  4 
11.  4 
11.  5 

11.5 


10.  3C 
10.  2 
10.  1 
10.  0 
9.  9 
9-  9 
9  8 
9  8 

9.  9 
9-  9 

10.  0 
10.  1 
10.  2 
iC.  2 
10.  3 
10.  4 
1C.  6 
iC.  6 
1C.  7 
10.  6 
iO.  7 
10.  7 
10.  8 
10.  9 
10.  9 
10.  9 
10.  9 
10.  9 
i  1.  0 


0.  6C 
0.  7 
0.  6 
1C.  5 
10.  4 
10.  4 
10.  3 
10.  4 
10.  4 
iO.  6 
10.  6 
1C.  7 
10.  8 
10.  9 

10.  9 
1  1.  1 
11.2 

11.  3 
1  1.  3 
1  1.  4 
11.  3 
1 1.  3 

11.4 
11.6 
11.  7 
11.  6 

11.5 


183 


r  r 
rl  k  J  J 


RUN  «  8 


DRY  2144 


TEST  TIME  O.G  MINS 


SIDE  R 


E»i ssi v i Panel 
T  hemoocuple 


P  e  n 


6  C  p  I  Panel  Pg^oneten  Da 


L  e  f  t 


R  g  h  t 


1G.  3 


i  1.  6 
i  1.  6 

11.6 

11.6 

11.6 

11,6 

11.6 

11.6 

11.6 

11.7 


TEST  TIME  IS.  0  MINS 


SIDE  B 


Emssivitj  p  ane  ' 
T  hermor,  ouple 


P  ynometen 


6  3  p  I  Panel  Pjro meter  Data 


R  •  ght 


11.9 

11.6 

11.9 


11.7 

1  l.  6_ 


i.  6 
-1.  6 
-2.  1 


10.  2 


AD-A12I  330  AN  EXPERIMENTAL  INVESTIGATION  flF  PflTENI  1HL  11  i 

SPACE  SHUTTLE  EXT.  .  <U)  COLD  REGIONS  RESEARCH  AND 
ENGINEERING  LAB  HANOVER  NH  M  G  FERRICK  ET  AL.  SEP  82 
UNCLASSIFIED  CRREL-82-2S  HIPR-FV7616-82-00294  F/G  22/2  NL 


MICROCOPY  RESOLUTION  TEST  CHART 

■MttOOM.  MUM  or  IUWIMIhWI-* 


AFSS 


RUN  #  8 


DAT  2144 


TEST  TIME  30.  0  MINS 

SIDE  A 


Emssivitg  p  one  1 


SOF  l  Panel  Pjrosieter  Data 


Thermocouple  Promoter  Left  Right 


TEST  TIME  45-  0  MINS 

SIDE  B 


E  m i ss i v i t  j  p  ane 1 
Thermocouple  Pyrometer 


SOF I  Panel 
Left 


Pg^ometer  Data 
Might 


TOP  10.  1 

11.  1 

-0.  s 

0.  s 

i  l.  1 

-1.0 

-1.6 

11.  1 

-1.2 

-1.5 

11.  1 

-1.7 

-1.6 

1  1.  6 

-2.  S 

-3.  5 

12.  6 

-3.  3 

-2.  2 

10.  6 

-2.  6 

-2.  1 

11.  1 

-3.  6 

-1.8 

11.  1 

-2.  8 

-1.2 

_ LLJ _ 

_ iZx.2 _ 

-0.  8 _ 

■ 

r 

IS 

-ir55 

RUN  #  8  DAT 

2  1  44 

i 

,•  * 

TEST  TIME 

60.0  MINS 

-• 

SIDE  A 

1 

Emssivitg  p  nre  1 

OCP- I  Pare!  Pgr 

Odette'-  Data 

7  her-nocoup  1  e 

p  d'-ome  ter*  i.  c  *  t 

R  ght 

-7.  3 
-4.  4 
-2.  7 
-2.  7 
-2.  7 
-2.  7 
-2.  3 
2.  3 
-3.  7 


TEST  TIME  75.0  MINS 

SIDE  B 

E  *n  i  ss  ivitg  p  ar.e  1  S0P  I  P  I  P  j'-onet  e*-  Data 


Evissivitg  p  o'-.*  1 
T  hemorouc  1  e 


P g-oitet  r.r 


le' t 


l.  6 
-1.2 
-1.  1 
-0.  1 
-1.6 
-1.6 


R  •  ght 


-1.0 
-0.  6 
-1.6 
i 


RFSS 


RUN  #  8 


DRY  2144 


TEST  TIME  90.0  MINS 

SIDE  A 

Enissivitg  pnnel  b0F  I  Porel  P  jro*eter  Onto 


T  hernoroup 1 e 

P  ^-ome  ter 

l.e't 

R  ■  ght 

TCP  H.O 

11.6 

-9.  2 

-13.  3 

10.  9 

11.1 

-4.  4 

-7.  7 

10.  9 

11.1 

-4.  4 

-3.  8 

iC.  9 

11.6 

-3.  8 

-9.  1 

10.  9 

1  1.  1 

-4.  3 

-9.  3 

10.  8 

11.1 

-3.  8 

-6.  1 

10.  7 

10.  9 

-4.  4 

-6.  6 

10.  6 

11.1 

-4.  4 

-3.  0 

10.  b 

11.1 

-b.  6 

-6.  6 

_ L£LJ _ 

HHIHnOfOBHi 

_ dL2 _ 

_ iLJ _ 

TEST  TIME  10S. 0  MINS 

SIDE  B 

Emssivitj  Panel  bOF  I  Panel  Pj^ometer  Goto 

Thermocouple  Pj^ometer  l.eft  R  (jht 


11.2 

11.6 

-1.  l 

-1.  3 

11.2 

11.  6 

-2.  2 

-1.6 

11.  1 

11.  1 

-2.  2 

-2.  C 

11.0 

10.  9 

-1.  3 

-1.  6 

11.0 

11.  1 

-2.  1 

-1.  6 

10.  9 

11.1 

-2.  2 

-2.  2 

10.  8 

11.1 

-2.  2 

-2.  2 

10.  7 

11.1 

-2.  7 

-2.  1 

10.  6 

10.  6 

-2.  b 

2.  b 

■■■■TiOTRR! 

_ dJ _ 

-2,2 

flFSS 

RUN  *  8 

DRY  2144 

TEST  TIME 

120. 0  MINS 

SIDF  fl 

Emssivity  P one  1 

son 

Panel  Pyrometer  Onto 

T  hermocoup 1 e 

P  yrome  t  er 

Left  R  •  Qht 

Il'l 


-3.  8 
-2.  8 
-3.  8 
-3.  8 
-3.  8 


-17.  7 


E  m i ss i v i t  y  P  onel 
Thermocouple  Pyrometer 


SQF I  Panel  Pyrometer  Data 
Left  R  i  Qht 


AFSS 


RUN  »  8 


DAT  2144 


TEST  TIME  ISO. 0  MINS 

S  I  OF  A 

tg  ponel  60F  i  P  are  !  P  e*"  Onto 

T  he'-nriocoup  1  e  P.j-oi>eten  le't  R  ght 


1.6 

11.6 

-7.  2 

-17.  3 

1.6 

11.  7 

-5.  0 

-7.  7 

1.  4 

12.  1 

-5.  0 

-6.  6 

1.  3 

11.6 

-4.  4 

-7.  2 

I.  3 

11.6 

-4.  2 

-6.  6 

1.2 

11.5 

•3.  6 

-6.  3 

1.  1 

11.1 

U> 

GO 

-6.  4 

C.  9 

11.1 

-4.  3 

-7.  7 

0.  3 

i  1.  1 

-4.  4 

-7.  2 

£,? _ 

_ LLJ _ 

_ -3.5 

6,0 

TEST  TIME  165. 0  MINS 

SIDE  B 

E  m  i  as  i  v  i  t  g  Panel  SCF  I  Panel  Pgroi»etf  Data 

T  hf^nucoup  1  e  Pgr,onete<'  le^t  R  ght 


TCP  11.7 

12.  6 

0.  6 

0.  6 

11.7 

12.  3 

-1. 6 

-1.6 

11.6 

12.  2 

-1.6 

-1.  1 

11.4 

12.  2 

-1.  1 

-1.6 

11.4 

11.6 

-2.  2 

-1.6 

11.3 

i  1. 8 

-1.6 

-1.8 

11.2 

11.2 

-1.6 

-1.  1 

11.0 

11.6 

-1.6 

-1.  6 

10.  9 

11.1 

-1. 6 

-1.  6 

_ ULi _ 

_ LLJ _ 

_ -_L  fi_ 

-1.6 

RF5S 


RUN  »  8 


DRY  2144 


TEST  TIME  180. 0  MINS 

SIDF  A 


E  :  v  i  t  j  p  nor  l 
T  he'-noroup  1  e 


bOF  I  Panel  P^roineter  Onto 


Fd'-uneter 


LeM 


R  Qht 


TEST  TIME  1 9S.  0  MINS 

S  I  OF  B 


E  v ' «« i v i t  j  p  one  1 
T  her nocoup 1 e 


S0P  I  Pane!  P  jro«eten  Goto 


P  j'-oitet  e<* 


Le't 


R  •  ght 


flFSS 


RUN  #  8  DRY  2144 


I 

TEST  TIME  210. 0  MINS 

SIDE  A 


Evssivitg  Panel  50p  I  Pon«l  P  g'-oneter  Onto 


T  her nocoup 1 e 

P  grG<net  er 

Left 

R  ■  ght 

TCP  11.9 

12.  7 

-7.  5 

•16.  6 

1  1.  9 

12.  3 

-3.  3 

-5.  6 

11.8 

12.  7 

-2.  7 

-7.  7 

11.7 

12.  7 

-2.  7 

-6.  9 

11.6 

12.  2 

-2.  4 

-7.  S 

11.5 

12.  1 

-3.  2 

-7.  9 

11.3 

12.  2 

-2.  7 

-6.  1 

11.2 

12.  2 

-3.  8 

-6.  7 

11.  1 

12.2 

-2.  7 

-6.  1 

10.  9 

_ LUfi _ 

_ zhJ. _ 

_ _ 

TEST  TIME  225. 0  MINS 

SIDE  B 


Emssi  vi  tg  Ponel  SOP  l  Panel  Pgrcneter  Dato 


T  hernocoup 1 e 

P  grome t er 

Left 

R  i  oh* 

TOP  12.2 

13.  0 

1.6 

0.  0 

12.  2 

13.  2 

-0.  5 

-0.  5 

12.  1 

12.  8 

-1.6 

-0.  5 

11.9 

12.  7 

-1.  1 

-0.  1 

11.8 

12.  7 

-1.5 

-0.  6 

11.7 

12.  7 

-1.  1 

-1.  1 

11.5 

12.  5 

-1.  1 

-0.  5 

11.4 

12.  2 

-1.6 

-0.  6 

11.2 

12.  2 

-1.6 

-1.6 

_ 11.  1 

_ -1.6 

_ _ 

-i  F  5  S 


RUN  #  8 


DAY  2144 


TEST  TIME  240. 0  MINS 

S  I  OF  A 


Enissivitg  Pane  1 
7  her noeoup 1 e 


P  j^onet  nr‘ 


3.  7 

4.  0 
3.  3 
3.  3 

13.  1 
12.  7 
12.  6 
12.  7 
12.  7 


SQF 1  Panel  P^roneter  Doto 


Lef  t 


R  ■  ght 


TEST  TIME  2SS. 0  MINS 

SIDE  B 


Emssivitg  P one  1 
T  hermocoup 1 e 


P  yrome  t  er 


3.  3 
3.  3 
13.  3 
13.  3 

12.  7 

13.  0 
13.  0 
12.  7 
12.  7 


SOP  I  Panel  Pyrometer  Data 


Left 


R  f  ght 


3 

{  SS  RUN  *  8  DRY  2144 

h 

l: 

1:  TEST  TIME  270.  Q  MINS 

;  SIDE  A 


Emis«ivitg  Panel  SQF 1  Panel  Pgf'o*eter  Data 

Thermocouple  Pyrometer  Left  R-ght 


TOP  12.4 

13.  3 

-5.  0 

-9.  4 

12.  4 

13.  8 

-4.  4 

-4.  4 

12.  3 

13.  3 

-3.  4 

-5.  0 

12.2 

12.  8 

-3.  8 

-5.  0 

12.  1 

12.  7 

-3.  8 

-6.  1 

11.9 

12.  8 

-4.  1 

-6.  1 

11.8 

12.  7 

-4.  4 

-5.  3 

11.7 

12.  7 

-4.  4 

-7.  1 

11.5 

11.7 

-4.  1 

-6.  1 

_ 11.3 

_ LiL.2 _ 

_ Jx_3 _ 

-5.  5 _ 

TEST  TIME  285. 0  MINS 

SIDE  B 


Enussivitj  Panel  50F I  Panel  Pgi-oneter  Data 


T  hermocoup 1 e 

Pgroneter 

Left 

R  >  ght 

10P  12.3 

13.  3 

2.  2 

1.  1 

12.  3 

12.  8 

0.  0 

-1.2 

12.2 

12.  7 

-1.  1 

-1.0 

12.  1 

12.  7 

-1.  1 

-0.  8 

12.  0 

12.  7 

-l.  1 

-1.0 

11.9 

12.  7 

-1.2 

-1.  1 

11.8 

12.  7 

-1.2 

-1.  1 

1 1.  7 

12.  7 

-l.  1 

-1.  1 

11.6 

12.  5 

-2.  0 

-1.0 

_ 11.3  . 

_ LLdz _ 

_ dJ _ 

zL.  1 _ 

195 


196 


j 


3FSS 


RLN  «S 


DRY  2149 


io.  c 
IS.  c 
20.  C 
25.  C 
3C.  C 
35.  C 
4G.  C 
4S.  C 
SC.  C 
55.  C 
60.  C 
SS.  C 
70.  0 
75.  C 
8C.  C 

as.  c 

9C.  C 
95.  C 
ICC.  c 
1 05.  C 
110.  0 
11S.C 
120.  0 
125.  C 
13C.  C 
1 35.  C 
MO.  0 
MS.  C 
ISO.  0 
155.  0 
160.0 
135.  C 
170.0 
175.  C 
180.  0 
185.0 
190.  0 
195.0 
200.0 
205.0 
210.0 
2 IS.  0 
220.0 
225.  0 
230.0 
235.0 
240.0 
245.0 
250.  0 
255.0 
280.  0 
285.0 
270.0 
275.0 
280.0 
285.0 


17.  r 
17.  2 
1 7.  3 
17.  7 
17.3 
17.  8 
17.  4 
17.2 
17.  3 
17.  7 
17.  S 

17.2 

17.  8 

18.  1 
18.  5 
18.  4 
17.  8 
17.  8 
17.9 

17.  9 

17.8 

17.9 
17.9 

18.  4 

18.  7 

18.5 
18.  8 

19.3 

19.8 

19.9 
20.0 
20.  0 

19.  4 
18.  9 

18.9 
19.2 
20.0 

20.5 

20.  6 


5.  2C 

6.  1 

5.  2 

6.  1 

5.  1 

6.  1 
S.  5 
5.  3 
S.  3 
S.  2 
S.  2 
S.  1 
5.  1 
S.  2 
S.  2 

IS.  3 
IS.  2 
5.  3 
S.  3 
S.  4 
S.  4 
IS.  8 

15.8 
IS.  8 
IS.  8 
IS.  8 
15.  9 

15.8 
15.  8 

15.8 
15.  9 
IS.  8 
15.  8 
IS.  8 
IS.  8 
15.  6 
IS.  8 
15.  8 
15.  8 
IS.  8 

15.8 
IS.  8 
15.  9 
15.  9 
15.  9 
15.  8 
15.  9 
15.  9 
15.  9 
IS.  9 

15.9 
15.  9 
IS.  9 
15.  9 

15.9 
15.8 

15.8 

15.9 


■ 

1 

IS.  5 

15.  9 

IS.  3 

1 3.  C 

IS.  3 

IS.  9 

IS.  3 

IS.  9 

IS.  S 

IS.  8 

IS.  < 

IS.  7 

IS.  4 

IS.  7 

1 S.  4 

IS.  7 

IS.  5  1 

IS.  7 

IS.  3  j 

IS.  6 

IS.  3  1 

IS.  8 

IS.  5  i 

IS.  8 

IS.  7 

IS.  9 

IS.  7 

IS.  0 

IS.  8 

IS.  9 

15.  8 

IS.  9 

IS.  9 

IS.  1 

IS.  9 

16.  1 

IS.  9 

IS.  1 

IS.  1 

16.  2 

IS.  1 

IS.  2 

IS.  1 

16.  3 

16.  2 

IS.  4 

16.  3 

IS.  4 

16.2 

16.  4 

IS.  3 

IS.  4 

16.2 

1S.S 

IS.  3 

IS.  s 

16.  3 

IS.S 

IS.  3 

16.  S 

16.  3 

IS.  4 

IS.  3 

IS.S 

16.  3 

16.  6 

16.  4 

IS.  S 

16.  S 

16.  7 

16.5 

16.  7 

IS.  S 

16.  7 

16.  S 

16.8 

16.  6 

18.  8 

18.  7 

16.  9 

16.  8 

16.  9 

16.8 

16.  9 

16.  8 

17.  0 

16.6 

17.  1 

16.8 

16.  9 

18.  7 

16.  9 

16.8 

IS.  8 

16.  7 

16.  8 

16.6 

16.  8 

18.  S 

16.  7 

16.  6 

16.  7 

16.  5 

16.  6 

16.  4 

16.  6 

16.  5 

16.  6 

16.  5 

16.6 

197 


qpsf) 


RUN  «3 


DAT  2149 


20.  0 
25.  C 
30.  0 
35.  C 
40.  C 
45.  C 
50.  0 
55.  C 
60.  C 
65.  C 
70.  0 
75.  C 
80.  0 
85.  C 
9C.  0 
95.  C 
ICO.  0 
105.  C 

no.  o 

1 15.  C 
120.  0 
125.  C 
130.  0 
135.  C 
140.  C 
145.  C 
150.  0 
i  55.  C 
160.  0 
165.  C 
170.  0 
175.  C 
>80.  0 
185.  C 
190.  0 
195.  0 
200.  0 
205.  C 
210.  0 
215.  0 
220.0 
22 5.  0 
230.  0 
235.0 
240.  0 
245.0 
250.0 
255.  0 
260.  0 
265.  0 
270.0 
275.0 
280.  0 
2 85.0 


Test  T  , *e 
1*^1 


0.  G 
5.  C 
1G.  G 
15.  C 
20.  0 
25.  C 
3C  •  C 
35.  C 
40.  C 
45.  C 
50.  0 
55.  C 
30.  0 
35.  C 
70.  C 
75.  C 
8C .  C 
35.  C 
30.  G 
35.  C 
1 GC .  G 
i 05.  G 
I  10.  0 
1  1 5.  C 
i  20.  G 
125.  G 
1 30.  C 
135.  C 
140.  G 
1 45.  C 
i 50.  0 
155.  C 
160.  0 
1 35.  C 
170.  0 
175.  G 
18C.  0 
1 35.  G 
13G.  0 
1 35.  C 
200.  0 
205.  C 
210.  0 
215.  C 
220.  0 
225.  C 
230.  C 
235.  C 
240.  0 
245.  0 
250.  0 
255.0 
260.  0 
265.0 
270.  0 
275.0 
280.  0 
285.0 

2an.n 


flFSS  RUN  *9  DRY  2149 


Test  1  me  Temperature  at  ourl  Depth: 

Ivnl  16.  7  %  m  (.66  <n)  14.Q««  (,55'n)  32.  U.  28  mj 


RFS5 


RUN  #  9 


DRY  2149 


TEST  TIME  0.  0  MINS 

SIDE  fl 

Emissivity  panel  SOF I  Pane’  Fy 

Thermocouple  Pyrometer  Left 

•'ometer  Dat 

R  ght 

1CP  16.2 

15.  0 

15.  C 

15.  C 

IS.  0 

15.  0 

14.  3 

15.  G 

15.  9 

14.  4 

14.  8 

15.  3 

15.  8 

14.  7 

14.  5 

15.  3 

15.  7 

14.  4 

14.  S 

15.  1 

15.  7 

14.  4 

15.  0 

1  5.  1 

15.  S 

14.  4 

14.  5 

i  5.  5 

15.  S 

14.  4 

14.  2 

14.  3 

15.  6 

14.  4 

13.  3 

14.  3 

_ 15,  5 

_ _ 

_ LLJ _ 

_ UL_£ 

TEST  TIME  15.0 

Em i ss i v i t  j  P one  1 


MINS 
SIDE  B 


50F l  Panel  Pyrometer  Data 


T  hermocoup 1 e 

P  yromet  er 

Left 

R  i  ght 

TOP  16.  1 

15.  7 

14.  0 

14.  4 

16.  0 

15.  S 

13.  8 

14.  2 

15.  9 

15.  S 

13.  6 

13.  3 

15.  8 

15.  5 

12.  7 

13.  3 

15.  7 

15.  5 

12.  2 

12.  7 

15.  7 

15.  5 

11.  1 

11.6 

15.  6 

15.  3 

10.  0 

10.  3 

15.  5 

14.  8 

6.  S 

7.  2 

15.  4 

15.  3 

3.  7 

5.  3 

_ 15...4— 

15.0 _ 

_ L_S _ 

_ LJ _ 

1 

flFSS  RUN  *  9  DRY  2149 

! 

TEST  TIME  30.  0  MINS 
I  SIDE  A 


Emssivitj  Panel  50FI  Panel  F  ^ronete"  Data 

Thermocouple  Pyrometer  Left  R  ght 


TOP  1S.0 

15.  7 

-5.  C 

-6.  5 

15.  9 

15.  5 

-0.  5 

1.  S 

15.  8 

i  5.  6 

-1.  1 

-0.  2 

15.  7 

15.  6 

-0.  7 

-0.  5 

15.  7 

15.  5 

-2.  0 

-1.  S 

15.  6 

15.  5 

-2.  7 

-2.  7 

15.  5 

15.  6 

0.  0 

-0.  7 

15.  4 

15.  5 

-1.5 

-2.  1 

15.  3 

15.  3 

-1.  1 

-0.  1 

15.  2 

15.  ,3 

0,  5  .  _ 

_ (L0  _ 

TEST  TIME  45.  0  MINS 

SIDE  B 


Ediissi  vi  tg  Panel  50FI  Panel  Pgrometer  Data 

Thermocouple  Pyrometer  Left  Right 


TOP  15.8 

15.  5 

5.  0 

5.  D 

15.  7 

15.  5 

3.  8 

4.  4 

15.  7 

IS.  1 

3.  S 

3.  8 

15.  6 

15.  4 

3.  8 

3.  8 

i  5.  6 

15.  5 

3.  8 

4.  0 

15.  5 

15.  5 

5.  0 

4.  4 

15.  4 

15.  0 

3.  8 

4.  5 

15.  3 

15.  2 

4.  0 

3.  8 

15.  2 

14.  9 

3.  2 

3.  8 

_ LLJ— 

14.7 _ 

3.  S 

4.  2 

RC5S 


RUN  «  9 


DRY  2149 


TEST  TIME  60.  C  MINS 

SIDE  R 

Eusg.  v  t*  Rcnel  SCFI  Pniel  P g~&ne t en  Date 

T  he'vnocoup  2  e  c  w^o-net  er  Left  R  .  ght 


TEST  TIME  75.  Q  MINS 

SI  OF  B 

En:  ss  i  v:  t  j  Pone1  SCFI  Panel  Pg^ometen  Data 

T  hernocoupie  Pgnometen  Left  R  .  ght 


203 


p  'i 

£ 


*  ' 

1 

RF SS 

RUN 

u 

9  DR  1 

2149 

;  | 

TEST  TIME 

1  2C.  C  M 

INS 

i 

SI! 

de  n 

Em  so.v  t «  °ane 

5 CF I  panel  p„ 

"onete-  Data 

T  he^mocoup  1  e 

~  g^ome  t  er 

L  e  *  t 

R  ght 

* 

TCP  1  3,  3 

iS.  3 

-7.  7 

-7.  3 

13.  4 

15.  5 

-1.  3 

C.  0 

• 

13.  3 

13.  3 

:  -0.  3 

-G.  3 

i  3.  2 

IS.  3 

0.  1 

C.  2 

\ 

13.  2 

13.3 

-1.  7 

-2.  1 

- 

13.  1 

13.  3 

-2.  2 

-G.  3 

- 

13.  9 

13.  1 

1.3 

1.  1 

13.  3 

13.  1 

-0.  3 

G.  3 

: 

13.  7 

13.  3 

0.  3 

1.  5 

• 

_ U^_5 _ 

_ m _ 

2.  7 _ 

I 


TEST  TIME  135.  C  MINS 

SIDE  B 

Emssiv:tj  panel  5CF  1  Panel  P  j^ometcr  Data 


Thermocouple  P^^ometer  Lei't  R  ght 


205 


RUN  »  9 


TEST  TIME  ISO.  0  MINS 

SIDE  A 


DPT  2149 


5CF1  Pane1.  Pw~o,nete''  Do 


P  j-onete" 


S.  S 

s.  s 
16.  6 
IS,  6 
IS.  1 
IS.  2 
IS.  5 
15.  5 
i  S.  1 


Left 


TEST  TIME  165-  0  MINS 

SIDE  B 


E  m i ss i v i t  g  P one  1 
T  her mocoup 1 e 


P  gromet  er 


5GFI  Panel  Pgrometer  Doto 


Left 


R  ght 


S.  s 
7.  2 
17.  0 
16.  S 

15.  2 

16.  6 
16.  4 
16.  1 
IS.  1 


TEST  TIME  195.  C  MINS 

SIDE  3 

En  ‘J‘J  ■  v  t^  pr,’ie'.  5CF  [  Pane'  F  garnet  e~  Data 


T  he-nocoup  i  a 

"  ^"one  t  er 

Left 

R  .  ght 

TCP  17.1 

17.  1 

5.  3 

3.  3 

13.  3 

17.  2 

b.  E> 

5.  5 

13.  3 

i  7.  2 

3.  1 

5.  f> 

15.  7 

15.3 

5.  C 

5.  3 

13.  3 

15.5 

E>.  5 

5.  3 

i  3.  4 

17.  2 

5.  0 

5.  C 

13.  3 

IS.  3 

5.  5 

3.  1 

IS.  1 

IS.  5 

5.  5 

3.  C 

15.  0 

IS.  1 

4.  4 

5.  C 

_ _ 

5.  3 _ 

207 


G>  G>  G> 


RFSS 


RUN  n  9 


DR  T  2149 


TEST  TIME  240. C  MINS 

SIDE  n 

Em  ss  i  v  ty  pcne',  5C“i 

T  he'-mccoup  1  e  Dwr,oneter 


SC“i  "one'.  =  t  e~  Doto 

.f,'t  R  .  g  h  t 


TEST  TIME  255.  0  MINS 

SIDE  B 


En'SSivi ty  P one  1 
T  hermocoup  1  e 


P  grometer 


SCF I  Pone’.  Pgromete~  Doto 
Left  R  .  ght 


(Wl 


209 

RFSS 


R  U  «  S 


DRY  2149 


TEST  TIME  27C.  C  MINS 

SIDE  R 

En  ssivty  panel  S  C  F  i  pme'.  °  ^'•c'ne.t  e.''  Dcto 

T  he~HGCoup  1  e  P«''G>nete‘~  Le‘t  R  ght 


TCP  17.2 

1 S.  3 

-b.  4 

-b.  2 

17.  1 

1 S.  3 

-G.  b 

C.  C 

13.  3 

IS.  5 

C.  G 

G.  3 

15.  7 

13.  1 

0.  0 

-C.  1 

13.  5 

13.  3 

-1.  3 

-1.  7 

IS.  4 

IS.  G 

-0.  ? 

G.  C 

IS.  3 

IS.  G 

C.  C 

u.  b 

13.  2 

IS.  2 

0.  0 

C.  b 

IS.  1 

13.  2 

0.  C 

1.0 

_ 15.  .2 

_ L5^5 _ 

_ LJ _ 

_ LJ _ 

TEST  TIME  235. Q  MINS 

SIDE  B 

Ed  ssivtg  Panel  SCF I  Panel  P  jf'oneter  Data 

Thermocouple  Pyrometer  Left  R : Oht 


flFSf) 


RLN  a  1C  oar  2104 


< 
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F 

• "  "  *  ^  ^  r  ’ 

-  -  -  -----  .  .  .  - - -  -7'  '  -  71 

L» 

! 

t 

rfss 

=\l\i  «1C 

DAY  2154 

I  u'l.  C 

I1C.  0 

I  lb.  c 

1 20.  C 
120.  C 
130.  0 
135.  C 
MO.  0 
145.  C 
150.  0 
155.  C 
130.  0 
165.  C 
170.  0 
175.  0 

iac.  o 

185.  C 
190.  0 
1 95.  C 
200.  C 
205.  C 
21 0.  0 
215.  C 
220.  0 
225.  0 
230.  0 
235.  0 
240.  0 
245.  0 


255.  0 
260.  0 
285.  0 
270.  0 
275.  0 
280.  0 
285.  0 


3.  7  ! 
3.3 ; 
3.4  | 
3.  4  ; 
3.  4  | 
3.  4  I 
3.4  j 
3.  3  I 
3.  3 
3.  3 
3.  2 
3.  2 
3.  2 
3.  I 
3.  2 
2.  9 
2.  8 
2.  3 
2.  3 
12.2 
12.  I 
12.  0 
II.  8 
11.  7 
II.  7 
I  l.  5 
11.4 
11.4 
II.  3 
11.3 
11.  1 
10.  9 
11.0 
10.  9 
10.  S 
10.  3 
10.  Q 
10.  G 
10.  7 
10.  7 
10.  7 
10.  7 
10.  8 
10.  8 
10.  8 
10.  7 


14.  3  | 
14.5  ! 
U.  5  ! 
14.4 
14.  3  ! 
14.  1  ' 
14.0 
13.  9  ! 
1  3.  7  ' 
13.  4  | 
13.  2 
13.  2 
13.  2 
13.  1 
13.  1 
13.  2 
13.  2 
13.  1  I 
13.  C 
12.  3  ! 
12.9  | 
12.  7 
12.  8 
12.  8 
12.  3 


4.  9C 

5. 

5. 

15. 
15. 

1 9. 

14. 
14. 
14. 

14. 

14. 
14. 

14. 

14. 

13. 

13. 

13. 

13. 

13. 

13.  4 
13.  4 
13.  4 
13.  4 
13.  4 
13.  3 
13.  3 
13.  3 
13.  2 
13.  2 
13.  3 
13.  0 
12.  8 
2.  3 
12.  5 
12.  3 
12.  3 
12.  2 
12.  2 
12.  C 
11.9 
II.  9 
11.  7 
1 1, 6 
11.4 
11.  4 
11.4 
11.  3 
II.  3 
11.2 
11.3 
11.3 
II.  3 
II.  3 
11.3 
II.  4 
II.  4 
11.3 
II.  3 
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O  o  -  (J  «  MO  J)  <»)  f4  -  fl8  M3  W  CO 


AF5S 


RUN  «10  DAT  2154 


RF5S 


RUN  «10 


DRY  2154 


Vj 


T  cst  1  i »c 
( m  '  ol 


20.  0 
25.  C 
30.  0 
35.  0 
40.  0 
45.  0 
50.  0 
55.  0 
SO.  0 
65.  C 
70.  0 
75.  0 
80.  0 
85.  0 
90.  0 
95.  0 
iOO.  0 
105.  0 
1 10.  0 
1 15.  0 
120.  0 
125.0 
130.  0 
135.  0 
140.  0 
145.0 
150.  0 
155.  0 
160.  0 
165.  0 
170.0 
175.0 
180.  0 
185.  0 
190.0 
195.  0 
2 00.  0 
205.  0 
210.  0 
215.0 
220.  0 
225.  0 
230.  0 
235.0 
240.  0 
245.0 
250.  0 
255.0 
260.  0 
265.  0 
270.0 
275.0 
280.  0 
285.0 


RFS5 


RUN  «10  DRY  2154 


o.  o 

5.  0 
10.  0 
15.  0 
20.  0 
25.  0 
30.  0 
35.  0 
40.  0 
45.  0 
50.  0 
55.  0 
60.  0 
65.  0 
70.  0 
75.  0 
80.  0 
85.  0 
90.  0 
95.  0 
100.  0 
105.  0 
110.  0 
1 15.  0 
120.  0 
125.  0 
130.  0 
135.  0 
140.  0 
145.  0 
150.  0 
155.  0 
160.  0 
165.  0 
170.  0 
175.  0 
180.  0 
185.  0 
190.  0 
195.  0 
200.  0 
205.  0 
210.  0 
215.  0 
220.  0 
225.  0 
230.  0 
235.  0 
240.  0 
245.  0 
250.  0 
255.  0 
260.  0 
265.  0 
270.  0 
275.  0 
280.  0 
285.  0 


15.4  C 

15.3  C 

15.3  C 

12.  8 

12.2 

16.  1 

5.  3 

4.  9 

13.  9 

-3.  2 

-5.  6 

11.  7 

-2.  9 

-6.  8 

8.  8 

-4.  7 

-6.  8 

6.  2 

-4.  3 

-7.  3 

5.  3 

-4,  3 

-6.  5 

5.  5 

-4.  4 

-8.  7 

5.  6 

-5.  1 

-9.  3 

5.0 

-4.  7 

-10.  0 

5.  0 

-4.  7 

-10.  4 

6.  2 

-5.  6 

-10.  8 

4.  8 

-4.  9 

-11.6 

5.  2 

-6.  4 

-1C.  8 

4.  1 

-7.  0 

-11.6 

4.  8 

-5.  2 

-12.  3 

5.  3 

-6.  4 

-11.6 

4.  8 

-7.  3 

-12.  2 

4.  4 

-7.  9 

-10.  0 

3.  8 

-6.  1 

-12.  8 

5.  2 

-7.  9 

-11.9 

3.  9 

-8.  2 

-14.  1 

3.  7 

-8.  0 

-14.  3 

3.  9 

-8.2 

-14.  6 

4.  1 

-8.  6 

-14.  5 

4.  1 

-8.  4 

-15.  1 

3.  9 

-2.9 

-16.  1 

3.  7 

-6.  4 

-14.  3 

4.  4 

-7.  0 

-16.  4 

3.  9 

-6.  4 

-17.  2 

3.  9 

-0.  6 

-17.  6 

2.  8 

-2.  9 

-17.  8 

4.  4 

-4.  5 

-17.  9 

4.  2 

-6.  7 

-18.  2 

2.  5 

-5.  0 

-18.  8 

2.  5 

-1.  1 

-16.  7 

2.  7 

-1.2 

-18.  9 

2.  4 

-3.  3 

-19.  7 

3.  2 

-2.  6 

-19.  9 

2.  8 

-5.  3 

-19.  2 

2.  2 

-4.  4 

-20.  2 

2.  8 

-1.2 

-20.  4 

1.  7 

-5.  3 

-21.0 

1.2 

-2.  4 

-21.  3 

1.  3 

-5.6 

-21.4 

1.4 

-4.  4 

-21.6 

0.  6 

-1.9 

-21.  3 

1.  1 

-6.  4 

-22.  3 

1.3 

-6.  9 

-22.  2 

1.4 

-6.  4 

-22.  6 

2.  2 

-6.  2 

-22.  5 

2.  0 

-7.  1 

-17.  5 

1.4 

-7.  4 

-19.  3 

1.4 

-7.6 

-21.8 

1.  7 

-6.  4 

-21.9 

2.8 

-6.  6 

-22.6 

1.  9 

-7.  7 

-23.  2 

1.  3 

_ =2-9 _ 

-?3-  2 _ 

_ L_3 _ 
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AFSS 


RUN  #  10  DAY  2154 


111 


TEST  TIME  0.  0 


E  m i ss i v i t  g  P one l 


MINS 
SIDE  R 


Thermocouple  Pyrometer 


4,  4 
4.  2 
3.  8 
3.  8 
13.  8 
13.  9 
13.  3 
13.  3 
12.  7 


SOFI  Panel  Pg~ometen  Data 


Left 


R  i  ght 


TEST  TIME  15.  0  MINS 

SIDE  B 


E  m i ss i v i t  g  P  one  1 
T  hermocoup 1 e 


SOFI  Panel  Pyrometer  Dati 


P  gnome  t  er 


Left 


Right 


RFSS 


RUN  #  10  DRY  2154 


TEST  TIME  30.  0  MINS 

SIDE  A 


Em  ssi  v  i  ty  P ane.l 


SQF I  Panel  Pyrometer  Data 


T  her mocoup 1 e 

Pyrometer 

Left 

R  i  ght 

TOP  15.8 

1  3.  8 

-2.  7 

-2.  4 

15.  7 

14.  4 

0.  1 

0.  0 

15.  4 

13.  8 

-3.  8 

-3.  3 

15.  1 

14.  2 

-5.  5 

-3.  3 

15.  1 

14.  4 

-5.  D 

-5.  2 

15.  0 

14.  2 

-3.  8 

-4.  5 

14.  9 

13.  8 

-3.  2 

-3.  8 

14.  8 

13.  5 

-3.  5 

-3.  8 

14.  8 

13.  8 

-1.  9 

-2.  2 

14.  7 

13.  6 

-0.  5 

-1.  4 

TEST  TIME  45.  0  MINS 

SIDE  B 


E  m i ss i v i t  y  P  ane 1 
Thermocouple  Pyrometer 


SQF I  P  ane 1 
Left 


Pyrometer  Data 
R  i  ght 


TOP  IS.  2 

14.  4 

5.  S 

2.  7 

15.  1 

14.  S 

5.  5 

0.  7 

14.  9 

14.  4 

5.  5 

0.  0 

14.  7 

14.  4 

5.  0 

0.  5 

14.  7 

13.  8 

1.6 

0.  8 

14.  6 

13.  8 

1.6 

1.  6 

14.  6 

14.  0 

2.  7 

1.6 

14.  5 

13.  8 

-0.  3 

1.  5 

14.  4 

13.  8 

0.  2 

2.  5 

_ 1,4 _ 

_ _ 

0.  5 

1.7 

RFSS 


RUN  #  10  DAT  2154 


I 


TEST  TIME  SO.  0  MIMS 

SIDE  R 


E  m i ss i v i t  y  Panel 
Thermocouple  Pyrometer 


SDF I  P  ane 1 
Left 


Pyrometer  Data 
R  :  g  h  t 


TOP  14.6 

13.  6 

-H 

-11. 1 

-9.  4 

14.  5 

13.  S 

-6.  1 

-4.  4 

14.  4 

13.  3 

-5.  4 

-2.  3 

14.  3 

13.  3 

-b.  5 

-4.  4 

14.  2 

13.  3 

-6.  2 

-b.  5 

14.  2 

1  3.  3 

-5.  5 

-3.  8 

14.  1 

13.  3 

-4.  4 

-4.  4 

14.  1 

13.  3 

-5.  5 

-S.  1 

14.  1 

13.  3 

-4.  4 

-4.  4 

_ 13,.9_ 

_ 1 3,  3  ...  . 

_ zUl _ 

_ --U2 _ 

TEST  TIME  75.  0  MINS 


SIDE  B 

Eimssivitjj  P ane  1 

SOFI  Panel 

Pyrometer  Data 

T  her mocoup 1 e 

Pyrometer  Left 

Right 

TOP  14.1 

13.  3 

1.  1 

2.  2 

14.  0 

13.  3 

0.  0 

1.  6 

13.  9 

13.  3 

0.  b 

1.6 

13.  8 

13.  3 

-0.  5 

1.  1 

13.  8 

13.  3 

0.  0 

1.6 

13.  7 

13.  3 

-0.  7 

1.0 

13.  7 

13.  3 

0.  5 

1.8 

13.  7 

13.  8 

0.  5 

1.6 

13.  6 

13.  8 

-0.  b 

0.  6 

_ L2j_J _ 

_ 0.  5 

_ ZU _ 

flFSS 


RUN  #  10  DRY  2154 


TEST  TIME  90,  0  MINS 


SIDE  fl 

Efmssiv:  Panel 

SCF I  P  ane 1 

Pyrometer  Data 

T  hermocoup 1 e 

Pyrometer  Left 

R  i  ght 

TCP  13.  8 

12.  7 

-13.  5 

-9.  3 

13.  7 

13.  3 

-5.  0 

-3.  8 

13.  S 

12.  7 

-4.  4 

-b.  0 

13.  3 

-5.  4 

-b.  0 

12.  7 

-b.  0 

-4.  9 

13.  S 

13.  3 

-4.  8 

-4.  0 

13.  Q 

-3.  S 

-4.  3 

13.  7 

13.  3 

-4.  4 

-4.  1 

13.  7 

13.  3 

-3.  8 

-3.  3 

13.  3 

_ LL_j _ 

_ -JL3 _ 

_ zL. 5 _ 

TEST  TIME  105. 0  MINS 


SIDE  3 

Emiysivitg  P  ane 1 

SCF  1  Panel 

Pyrometer  Data 

T  her mocoup  1  e 

Pyrometer  Left 

Right 

13.7 

13.  3 

0.  3 

1.  S 

13.  S 

13.  3 

-1.  8 

C.  0 

13.  5 

13.  S 

-1.  1 

1. 1 

13.  4 

12.  7 

-1.  1 

O 

O 

13.  4 

13.  3 

0.  0 

0.  3 

13.  4 

12.  7 

-1.  I 

0.  0 

13.  4 

12.  7 

0.  8 

i .  3 

13.  5 

13.  3 

0.  0 

2.  2 

13.  b 

13.  1 

-1.2 

-0.  1 

_ 13.  4 

_ LL-2 _ 

-0.  5 

1.  1 

flFSS  RUN  #  10  DAT  2154 


TEST  TIME  1 20,  G  MINS 

SIDE  R 


Em  ssiv.ty  Panel  S  0  F I  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  Lett  Right 


TCP  13.6 

12.  7 

-9.  C 

-3.  3 

13.  S 

12.  7 

-3.  3 

-2.  2 

13.  5 

12.  7 

-3.  3 

-1.  3 

13.  4 

12.  7 

-2.  2 

-2.  2 

13.  4 

13.  G 

-S.  1 

-3.  3 

13.  3 

13.  3 

-5.  5 

-4.  4 

13.  3 

12.  7 

-3.  G 

-3.  1 

13.  3 

13.  2 

-3.  1 

-3.  2 

13.  3 

13.  2 

-S.  1 

-3.  2 

13.  2 

12.  7 

-3.  3 

-3.  3 

TEST  TIME  1 35.  Q  MINS 

SIDE  B 

Em'ssiv'.'tg  Panel  SCF I  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  Left  Right 


flFSS  RUN  #  10  DRY  2154 


TEST  TIME  1  SO,  Q  MINS 

SIDE  fl 


Em>ssivity  Panel  SCF1  panel  py-'omet  er  Data 

Thermocouple  Pyrometer  Le't  R:ght 


TOP  13.  1 

12.  2 

1 

-7.  2 

-7.  7 

13.  1 

12.  2 

-7.  0 

-b.  b 

13.  1 

12.  7 

CO 

CD 

1 

-3.  1 

13.  1 

12.  S 

-S.  3 

-5.  b 

13.  0 

12.  7 

-7.  1 

-3.  3 

12.  9 

12.  0 

-9.  2 

-7.  7 

12.  9 

12.  2 

-7.  5 

-7.  1 

12.  9 

11.7 

-8.  1 

-3.  Q 

12.  8 

11.9 

-S.  1 

-b.  2 

_ 12.  7 

12.  2 

_ _ 

-4.  3 

TEST  TIME  165.  0  MINS 


SIDE  B 

Em:ssivitg  P  one  1 

SCF  I  Panel 

P  gromet  er  Data 

T  her mocoup  1  e 

P  gromet  er  Left 

R  i  ght 

TOP  12.3 

12.  2 

0.  0 

1.6 

12.  7 

12.  7 

0.  0 

0.  0 

12.  7 

12.  2 

0.  b 

0.  b 

12.  7 

12.  b 

4.  0 

0.  b 

12.  3 

11.  3 

-0.  b 

-0.  b 

12.  3 

11.8 

-2.  2 

-0.  b 

12.  5 

12.  0 

-2.  2 

-0.  b 

12.  6 

11.9 

-2.  2 

-0.  3 

12.  6 

12.  0 

-2.  2 

-0.  8 

_ LZuA _ 

_ 11.6 

-1.  3 

-1.  3 

221 


AFSS 


RUN  «  10  DAT  2154 


i 

l 


TEST  TIME  180,  G  MINS 

SIDE  fl 

Emissivity  Panel  SOF 1  Panel 

Thermocouple  Pyrometer  Left 


P  yromet  er  D  at  o 
Right 


TOP  12.4 

11.3 

-12.  5 

-11.7 

12.4 

12.  0 

-7.  7 

-4.  7 

12.  4 

11.  4 

-9.  4 

-8.  5 

12.  3 

12.  0 

-S.  6 

-S.  5 

12.  3 

11.8 

-S.  S 

-8.  0 

12.  2 

12.  1 

-8.  2 

-5.  8 

12.  1 

12.  1 

-6.  1 

-5.  0 

12.  1 

11.  5 

-7.  5 

-8.  0 

12.  1 

11.  3 

-7.  8 

-4.  9 

_ 12.  0 

_ U._3__ 

_ r5i_Z_  ..  . 

_ -5.  5 

TEST  TIME  195.  0  MINS 


SIDE  B 

E  m i ss i v i t  y  P ane 1 

SGFI  Panel 

Pyrometer  Data 

T  her mocoup 1 e 

Pyrometer  Left 

Right 

AFSS 


RUN  #  10  DAY  2154 


TEST  TIME  24C.  G  MINS 

SIDE  R 


[rssn/  ta  D  cne SCF  1  f’cne'.  P  a^onet  e~  Do 
The'-nocouple  p  n'-Gme  t  e1"  ue‘t  Right 


TEST  TIME  2S5.  G  MINS 

SIDE  3 

Em  SGivta  3mel  SC"  1  3  one'.  Pyrometer  Dot  a 

Thermocouple  pHrcmeter  *.e*t  R.ght 


CO  uO 


-  wl 


:  HFSS  FUN  *  1C  CRT  2154 

I 

I  TEST  TIME  270.  0  MINS 

j  SIDE  3 

E  >n  ss  >  v  ta  pooe'  SCrI  pone  =M,'&'nete"  Dcto 

Thermocouple  9^’,o,«ete''  .e‘t  R  q  h  t 


11.4 

11.1 

-7.  1 

-i.i  ; 

11.4 

11.1 

-2.  7 

-3.  5  : 

11.4 

12.  C 

-S.  1 

-3.  3 

11.4 

11.3 

-4 .  4 

-3.  3 

11.3 

12.  G 

-5.  1 

-7.2  | 

11.  2 

12.  C 

-4.  3 

-3.  3  1 

1  1.  C 

11.3 

-3.  3 

-2.  5  ! 

1  1.  G 

11.1 

-2.  7 

-3.  8 

i  1.  G 

11.3 

-3.  C 

-3.  3 

RH 

_ LL.3 _ 

_ zZ*J. _ 

_ ii_8 _ , 

TEST  TIME  285.  0  MINS 

SIDE  3 


Em.ssivity  Fane"*  SC  F I  Pone'.  P^romete'-  Dote 


T  her mocoup 1 e 

P  j^omet e*~ 

.ef  t 

R  ght 

TCP  H.4 

12.  2 

2.  7 

1.  1 

11.6 

12.  2 

3.  5 

1 .  3 

11.5 

12.  5 

2.  7 

1.  5 

11.  4 

12.  7 

2.  7 

C.  3 

11.3 

12.  2 

1.5 

1 .  3 

11.2 

11.9 

0.  3 

2.  7 

11.0 

11.1 

0.  5 

2.  3 

10.  9 

12.  2 

0.  3 

1.  1 

10.  9 

11.2 

1.  3 

2.  2 

HHHMliini 

_ 13.  3 

_ 2^2 _ 

1.3 

RF5S 


RUN  *11  DRY  2162 


Test  1  :  ne 
l*  1  nl 

C  e  i  1  ' 

Foot 

r  9 

West 

F  1  oo'~ 

Post  West 

P  lost 

H 

i  c  W  s! 
S 

!  s 

E 

w 

0.  0 

47.  4C 

25.  1C 

13.  9C 

14.  OC 

15.  2C 

15.  4C 

16.  1C 

15.  3C 

5.  C 

45.  8 

25.  4 

13.  9 

14.  0 

15.  3 

15.  7 

16.  4 

15.  5 

iO.  0 

42.  7 

26.  1 

14.  1 

14.  1 

15.  7 

16.  1 

16.  6 

15.  8 

15.  C 

39.  4 

25.  1 

14.  1 

14.  1 

15.  8 

16.  3 

IS.  7 

16.  0 

20.  0 

34.  7 

24.  1 

14.  1 

14.  1 

15.  8 

16.  2 

IS.  7 

15.  9 

25.  0 

43.  9 

24.  1 

14,  l 

14.  1 

15.  7 

13.  1 

16.  3 

15.  8 

30.  0 

39  5 

25.  6 

14.  1 

14.  1 

15.  7 

IS.  1 

16.  5 

15.  9 

35.  C 

52,  7 

26.  ? 

14.  1 

14.  1 

15.  8 

15.  2 

17.  1 

15.  9 

40.  0 

53.  8 

28.  7 

14.  1 

14.  2 

15.  9 

16.  4 

17.  1 

16.  1 

45.  2 

54,  4 

30.  1 

14.  1 

14.  2 

16.  1 

16.  7 

17.  3 

IS.  3 

50.  0 

52.  2 

30.  0 

14.  2 

14.  2 

16.  4 

16.  9 

17.  5 

iS.  S 

55.  0 

52.  7 

23.  2 

14.  2 

14,  2 

16.  3 

16.  9 

17.  3 

16.  4 

50.  0 

57.  2 

25.  C 

14.  2 

14,  3 

IS.  6 

17.  2 

17.  4 

16.  7 

65.  0 

49  2 

24.  3 

14.  3 

14.  3 

IS.  8 

17.  4 

17.  7 

17.  0 

70.  0 

54.  1 

25.  5 

14.  3 

14.  3 

17.  3 

17.  6 

'7.  9 

17.  3 

75.  0 

48.  2 

27.  2 

14,  5 

14.  3 

IS.  5 

17.  5 

17.  7 

17.  1 

83-  0 

53.  3 

25.  0 

14.  6 

14.  3 

i 6.  4 

17.  3 

IS.  2 

16.  9 

85.  C 

44.  2 

24.  7 

14.  6 

14,  3 

16.  9 

17.  6 

IS.  9 

17.  2 

90.  0 

56.  9 

23.  4 

14.  8 

14.  4 

17.  1 

17.  8 

17.  1 

17.  5 

95.  0 

57.  8 

25.  4 

14.  8 

14.  4 

17.  6 

18-  2 

17.  S 

17.  0 

100.  0 

58.  5 

27.  0 

14,  8 

14.  4 

17.  9 

18.  R 

18-  1 

18.  1 

105.  0 

54.  2 

27.  9 

14.  9 

14,  5 

18.  2 

18.  3 

18.  4 

18.  4 

110.  0 

56.  7 

29  3 

15.  ! 

14.  5 

18.  4 

19.  C 

18.  R 

18.  S 

1 1 5.  C 

59  l 

30-  7 

15.  2 

14.  6 

18.  6 

19-  2 

18.  8 

18.  8 

120.  0 

51.7 

31.2 

15.  2 

14.  6 

18.  7 

19-  4 

18.  9 

18.  9 

125.  0 

57.  8 

31.  1 

15.  3 

14.  7 

18.  7 

19.  4 

19-  0 

19-  l 

130.  0 

57.  3 

32.  2 

15.  4 

14.  7 

18-  9 

19.  7 

19.  1 

19.  3 

135.  C 

69.  2 

32.  9 

15.  4 

14.  7 

19.  C 

19-  3 

19.  2 

19-  4 

140-  0 

58.  2 

33,  6 

15.  5 

14.  8 

19.  2 

19.  4 

19.  4 

145.  0 

58.  6 

34.  1 

15.  6 

14.  8 

19.  3 

20.  1 

19.  4 

19  6 

150.  0 

58.  0 

34.  2 

15.  7 

14.  8 

19.  4 

20-  2 

19.  4 

19.  8 

155.  0 

61.4 

35.  1 

15.  7 

14.  9 

19.  6 

20-  4 

19.  6 

19.  9 

160.  0 

58.  3 

36.  3 

15.  8 

14.  9 

19.  7 

20.  5 

19.  7 

20-  1 

165.  C 

53.  4 

35.  1 

15.  8 

15.  C 

19.  3 

20.  5 

19-  7 

20-  1 

170.  0 

52.  9 

34.  4 

15.  9 

15.  0 

19.  8 

20-  4 

19.  7 

20-  1 

175.  0 

51.  3 

34.  5 

15.  9 

15.  1 

19.  9 

20-  4 

19.  4 

20.  2 

180.  0 

50.  1 

33,  2 

15.  9 

IS.  i 

19  9 

20.  4 

19.  6 

19.  9 

185.  0 

52.  9 

33.  7 

16.  0 

15.  2 

20.  0 

20.  6 

19-  7 

20-  1 

190.  0 

56.  8 

34.  1 

16.  1 

15.  2 

20.  0 

20.  6 

19.  7 

20.  2 

195.  C 

51.0 

33,  9 

16.  1 

15.  4 

20.  1 

2r-  R 

19.  5 

20.  2 

200.  0 

46.  t 

33.  3 

16.  1 

15.  4 

20.  1 

20.  R 

19  4 

20.  2 

270.  0 

56.  4 

32,  l 

16.  ? 

16.  1 

21.2 

21.0 

20.  5 

21.0 

275,  C 

45.  4 

31.  3 

16.  8 

16.  1 

21.  2 

21.  1 

20-  4 

21.0 

280.  0 

37.  9 

29.  4 

17.  0 

IS.  1 

20.  8 

20.  9 

19.  9 

20.  8 

285.  0 

33.  1 

24.  4 

16.  9 

16.  1 

20.  5 

20.  3 

19.  7 

20.  4 

290.  0 

32.  3 

23.  2 

16.  9 

16.  1 

20.  4 

20-  1 

19.  R 

20.  3 

295.  C 

32.  4 

23.  6 

_ 

16.  9 

16.  1 

20.  3 

19.  9 

19.  4 

20.  2 

227 


229 


lp  co  o  rj  r*j 


.4FS5 


RUN  #  11  Dfir  2162 


1 

»L'j 

S! 

.  ’ 


TEST 

TIME  0.0 

MINS 

SIDE  fi 

E  ^  '  55  I 

v i ty  p  ane ! 

SOFI  Fan  el  Pyrometer-  Data 

T  her*nc couple 

Pfej^o  meter 

Left 

R  :  g  h  t 

1Cp  16.9 

18.  3 

18.  S 

CD 

CP 

17.  8 

i  3.  3 

18.  3 

17.  7 

13.  3 

13.  2 

17.  7 

17.  7 

17.  7 

IS.  3 

17.  7 

17.  7 

IS.  E> 

17.  7 

17.  7 

IS.  1 

IS.  S 

17.  7 

IS.  2 

IS.  6 

IS.  S 

IS.  1 

IS.  4 

IS.  6 

IS.  1 

15.  5 

IS.  1 

! 

;  TEST  TIME  IS.  0  MINS 

SIDE  B 


En i 55 i v i ty  p  one !  50F {  Panel  Fy^oneter  Data 


7  herno couple 

Fy^oneter 

Left 

R  :  ght 

1  CP  18.0 

19.  4 

17.  7 

18.  3 

18.  8 

17.  2 

17.  7 

13.  6 

IS.  8 

17.  2 

18.  3 

15.  5 

15.  5 

18.  3 

14.  4 

15.  5 

18.  3 

13.  8 

13.  8 

17.  7 

12.  2 

12.  7 

17.  2 

8.  S 

3.  5 

IS.  9 

4.  3 

5.  S 

IS.  S 

4.  5 

4.  5 

231 


RF  55 


RUN  »  11  DRY  2162 


TEST  TIME 

Enissivitj  Panel 
I hennocoup 1 e 

TCP”  18.1 


TEST  TIME 


30,  Q  MINS 

SIDE  R 

SQFI  Panel  Pyrometer  Data 
Pyrometer  Left  R  ■  ght 


18.  8 

-6.  7 

-S.  5 

i  8.  3 

-1.  1 

0.  D 

13.  3 

-1.  5. 

-1.  0 

13.  S 

-2.  1 

-l.  1 

17.  7 

-2.  2 

-2.  7 

17.  6 

-1.  5 

-2.  7 

17.  7 

-0.  4 

-1.  1 

17.  S 

-l.  S 

-2.  2 

17.  2 

-2.  1 

-1.  1 

16.  3 _ 

_ -1.3 

-1.  8 

4S,  0  MINS 

SIDE  B 


Emissivity  P  ane l 
Thermocouple  Pyrometer 


53FI  F  arel  Pyrometer  Data 
Left  R'ght 


RFSS 


RUN  #11  DRY  2 1 62 


TEST  TIME  SO.  0  MINS 

SIDE  fi 

Emssi  vi  tg  Panel  SOFI  Panel  Fy-ometer  Orta 


Thermocouple  Pyrometer  Left  R  •  ght 


fCF  19.3 

20.  7 

-4,  3 

-3.  8 

20.  5 

0.  4 

1.  1 

20.  3 

1.  5 

0.  5 

19.  4 

0.  0 

-0.  3 

18.  8 

0.  2 

-1.  3 

18.  3 

-0.  5 

-1.  1 

18.  3 

0.  0 

-0.  7 

17.  8 

-1.  6 

-1.  6 

17.  7 

-0.  9 

-0.  5 

_ LLJ _ 

-0.  S 

-0.  5 

TEST  TIME  75.  0  MINS 

SIDE  B 

Emissivity  Panel  SOFI  Panel  Pyrometer  Data 

T  hermocouple  Pyrometer  Left  R : ght 


TCP  19.8 

21.  1 

S.  S 

7.  2 

20.  S 

4.  4 

S.  5 

20.  0 

4.  4 

4.  4 

20.  0 

4.  1 

4.  1 

19.  4 

4.  4 

5.  0 

18.  6 

3.  3 

4.  7 

18.  2 

4.  4 

S.  5 

17.  7 

3.  8 

5.  0 

17.  7 

2.  7 

4.  0 

17.  3 

2.  8 

5.  2 

nFss 


RUN  «  11  DAT  2162 


TEST  TIME  90.  0  MINS 

SIDE  R 

Edissi  v  i  ty  Panel  S3FI  Pane!  Fy^ome ter  Data 

Thermocouple  Pyrometer  L  eft  Rght 


TCP  20.0 

21.  1 

-1.  1 

0.  2 

21.0 

2.  1 

1.  8 

20.  E> 

2.  8 

i.  6 

20.  0 

2.  2 

1.  6 

19.  1 

1.  3 

0.  0 

18.  8 

1.6 

2.  0 

19.  0 

2.  0 

0.  8 

18.  7 

1.  0 

0.  5 

18.  3 

0.  0 

1.  1 

17.9  . 

_ U3_ _ 

0.  5 

TEST  TIME  105. Q  MINS 

SIDE  B 


Eh i ss i v i ty  Panel 
Thermocouple  Pyrometer 


SOF  I  Panel  Pyrometer  Data 
Left  R : ght 


RFSS  RUN  all  DAT  2162 

i 


TEST  TIME  120.0  MINS 

SIDE  R 

Enissivitg  Panel  SOFI  Panel  PgnometerData 


T  henmocoup 1 e 

P  gnome  t  en 

Left 

Right 

TQP  21.5 

23.  1 

0.  S 

99.  9 

23.  2 

s.  0 

99.  9 

22.  7 

3.  3 

99.  9 

21.  1 

3.  3 

99.  9 

20.  5 

3.  3 

99.  9 

20.  S 

3.  3 

99.  9 

20.  i 

1.  9 

99.  9 

20.  0 

2.  2 

99.  9 

18.  8 

1.  S 

99.  9 

18.  8 

2.  7 

99.  9 

TEST  TIME  135.  0  MINS 

SIDE  B 


Ethssivi  Panel  SOFI  Panel  Pgrometer  Data 


T  henmocoup  1  e 

P  gnome  t  er 

L  e  f  t 

R  •  ght 

TOP  22.1 

23.  8 

8.  3 

9.  7 

23.  8 

8.  3 

9.  4 

22.  8 

8.  8 

8.  3 

22.  S 

8.  3 

8.  6 

21.  S 

7.  7 

9.  4 

21.  1 

8.  3 

8.  3 

20.  S 

8.  3 

9.  4 

20.  S 

7.  8 

7.  7 

19.  5 

7.  7 

7.  2 

_ ULJ _ 

_ L_2 _ 

8.  3 

RFSS 

RUN  *  11  DRY 

2162 

TEST  TIME 

ISO. Q  MINS 

SIDE  fi 

Etmssi  V  1  ty  Panel 

S3F I  p  ane 1  F  yr 

ometer  Data 

T  herino  couple 

Fyroiieter  Left 

R  ght 

24.  7 
24.  4 
22.  S 


22.  2 
22.  0 
21.  S 
21.  1 
21.  1 
20.  5 
0.  Q 


TEST  TIME  165* 0  MINS 

SIDE  B 


Emssivitj  Panel  SQFI  F  one  1  Fgrometer  Data 

T  her«nocauple  P^'-'o’neter  Left  R  :  ght 


1  CP  23.3 

2‘>.  5 

9.  4 

10.  0 

24.  4 

8.  3 

8.  3 

23.  5 

7.  7 

8.  3 

22.  7 

7.  7 

8.  1 

22.  7 

8.  7 

8.  1 

21.  2 

8.  2 

7.  9 

21.  1 

8.  5 

8.  3 

20.  b 

8.  3 

7.  2 

20.  0 

7.  2 

7.  2 

20-  0 

7.  7 

8.  3 

RF  55 


RUN  #  11  DRY  2162 


TEST  TIME  180. 0  MINS 

SIDE  R 

Emissivity  Panel  5QF 1  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  Left  Fi  ght 


24.  9 

-0.  3 

0.  2 

24.  S 

4.  2 

1.  6 

22.  9 

4.  4 

2.  7 

22.  2 

4.  8 

2.  7 

22.  2 

2.  7 

99.  9 

21.  2 

4.  4 

99.  9 

21.  1 

4.  4 

99.  9 

20.  1 

2.  8 

99.  9 

20.  0 

1.  1 

99.  9 

_L2^4 _ 

_ 3l8_ _ 

99.  9 

TOP 


23.5 

22.8 

22.1 

21.4 
20.9 

20.4 
20.1 
19.7 

19.4 
19.1 


TEST  TIME  195.  0  MINS 

SIDE  B 


Emissivity  P ane 1 


S0FI  Panel  Pyrometer  Data 


Thermocouple  Pyrometer  Left  Right 


rfss 


RUN  #  11  DAT  2162 


TEST  TIME  210. 0  MINS 

SIDE  fl 

Emis5i  vi  t  y  Panel  S0F1  Panel  Pyrosieter  Data 


T  henmo  couple 


TCP 


Pyrometer 


L.  e  f  t 


R  ■  ght 


TEST  TIME  225, Q  MINS 

SIDE  B 


E  in  i  ss  i  v  i  t  j  P  one  1 
T  hertiocoup  1  e  Pgnometer 


SOF  1  Panel  Pyrometer  Data 


Left 


TOP 

25.  Q 

24.  8 

23.  3 

23.  3 

22.  3 

21.  1 

20.  8 

20.  5 

20.  0 

19.  3 

R  ‘  ght 


12.  7 
11.  1 
8.  3 
8.  3 
8.  3 

8.  3 

9.  4 
9.  4 
8.  0 
8.  3 


h 

|  flFSS  RUN  #11  DAT  2162 


TEST  TIME  240. 0  MIMS 

SIDE  0 

[in  i»5i  vi  t  j  Panel  5  0  F  I  pcnel  Fy'-oneten  Data 


T  hemocoup  1  e 

P  g^oneter 

Left 

R  ght 

1  OP 

24.  4 

2.  8 

2.  4 

24.  5 

5.  5 

1.  5 

23.  S 

5.  4 

2.  0 

23.  5 

5.  5 

2.  9 

22.  0 

4.  4 

99.  9 

21.  S 

5.  5 

99.  9 

21.  S 

5.  1 

99.  9 

21.1 

4,  1 

99.  9 

20.  1 

3.  2 

99.  9 

20.  0 

5.  0 

99.  9 

TEST  TIME  2S5. 0  MINS 

SIDE  B 

Emssivi  tg  ponel  S3F I  Panel  P  gnoneten  Data 


T  hemocoup  1  e 

Pyrometer 

L.  e  f  t 

R  ght 

10P 

29.  5 

9.  4 

10.  8 

29.  9 

8.  8 

9.  4 

24.  7 

CO 

CD 

9.  4 

23.  8 

8.  3 

8.  8 

23.  6 

8.  3 

3.  6 

23.  3 

7.  7 

7.  2 

22.  2 

8.  3 

8.  1 

21.  6 

7.  2 

7.  S 

21.  1 

7.  2 

7.  2 

S.  9 

7.  2 

239 


RFSS 


RUN  #11  DAT  2162 


TEST  TIME  270. 0  MINS 

SIDE  A 


En'ssivitj  ponel 
T  hen-no  couple 


53F  i  Fane1.  p  ^--o'net  er  Data 


pgno,neten 


Left 


R  Qht 


53FI  panel  p j^onete' 


R  ght 


2b.  0 

9.  4 

2cj.  0 

7.  7 

24.  4 

7.  0 

23.  3 

7.  2 

22.  7 

S.  1 

22.  2 

7.  2 

22.  0 

8.  3 

21.  1 

7.  2 

21.  1 

7.  2 

■nmi 

7.  7 

10.  0 
7.  9 
7.  7 


RFSS 


RUI;  «  1  2 


DRY  2153 


Test  I i ne 

till'') 


60.  C 
65.  C 
70.  0 
75.  C 
80.  0 
85.  C 
90-  0 
95.  C 
100.  0 
1 05.  0 
110.  0 
1 15.  0 
120.  0 
125.  C 
130.  0 
135.  C 
140-  0 
145.  0 
150.  0 
155.  C 
160.  0 
165.  0 
170.  0 
175.  C 
180.  0 
185.  C 
190.  0 
195.  0 
200-  0 
205.  0 
210.  0 
215.  0 
220.  0 
225.  0 
230.  0 
235.  0 
240.  0 
245.  0 
250.  0 
255.  0 
260.  0 
265.  0 
270.  0 
275.  0 
280.  0 
285.  0 


1 1.  7  C 
11.  6 
11.  7 
11.  8 
ll.  8 
11.  8 
11.  7 
11.  8 
11.  6 
11.  6 
11.8 
11.  8 
11.  8 
1 1.  6 
11.6 
11.6 
11.  6 

11.5 

11.6 
11.5 
1 1.  5 

11.5 
11.  5 
11.  7 
11.  7 

11.6 
11.  7 
11.6 
11.5 
ll.  6 
ll.  7 
ll.  7 

11.7 
11.  7 

11.8 
ll.  7 
ll.  8 

11.7 

ll.  7 

11.  9 

11.9 

12.  0 
11.9 
11.  8 
11.  8 

11.8 
12.  0 
12.  0 
12.  0 
12.  1 
12.  0 
12.  0 
12.  1 
12.  1 
12.  1 
12.  0 
12.  1 
12.  2 


1 1.  1  C 
11.  1 
11.  I 
11.2 
11.1 
1  1.  1 
1 1.  C 
10.  9 
10.  9 

10.  9 

11.  0 
11.  0 
10.  9 
10.  9 
IG-  9 
10-  9 
i0.  9 
10.  8 
10.  8 

0.  9 
10.  8 
10.  8 
10.  8 
10.  9 
10.  9 
10.  9 
10.  8 
10.  8 
iO.  8 
10-  8 

10.  9 

11.0 

1 1.  0 
1 1.  0 
1 1.  1 
11.0 
1 1 . 0 
11.0 
11. 1 
11.2 
11.  2 
11.2 
11.  1 
11.2 
ll.  3 
11.  3 
ll.  4 
It.  4 
11.  4 
ll.  4 
ll.  4 
ll.  4 

11.5 
11.  6 

11.6 
11.7 
11.6 
11.  7 


il.  1  c 

0.  000 

1 1.  1 

0.  000 

11,1 

0.  GOO 

11.2 

0.  690 

11.2 

1.  149 

11.2  1 

2.  529 

1 1. 1  ! 

2.  069 

11.2 

2.  259 

11.2  1 

2.  069 

11.1  | 

1  2.  069 

11.1  I 

|  2. 299 

11.1  i 

,  2  525 

11.2  1 

■  2.  069 

11.1  ' 

2.  759 

4,  598 
4.  363 


3.  678 
3.  448 
3.  448 
3.  448 
3.  678 
3.  678 
3.  448 
3.  448 
3.  448 
3.  678 
3.  448 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  908 
3.  678 
3.  908 


r! 

V 

1' 

R  F  5  5 

RUfj  »  1  2 

DRY  2156 

RCS5 


R U r j  #  12  DRY  2156 


TEST  TIME  C.  0  MINS 

SIDE  fi 

Em  55i  vi  tg  panel  50F  I  Panel  Fyno'neter  Data 


I  hernocouple.  Pgno'Neter-  Left  R  ■  g  h  t 


TEST  TIME  15,0  MINS 

SIDE  B 

Emssivitg  Panel  S  0  F I  Fanel  P*jnometen  Data 

T  hemocouple  Pgno meter  Left  Right 


RF55 


RUN  #  12  DRY  2166 


l 


TEST  TIME  30,0  MINS 

SIDE  fi 


AF5S 


RUN  #  12  DRY  2166 


TEST  TIME  60,  0  MINS 

S  I  OF  fi 

Eth  ssi  vi  t  j  panel  SOFI  Fane'  F  tj''onieter'  Doti 


Emssivitj  panel 
Thermocouple  Pyrometer 


10.  3 

l  n  r. 


10.  5 


Left 


R  ght 


TEST  TIME  75.  Q 


Emssi  vi  t  y  P  are  1 
T  her nocoup 1 e 


MINS 
SIDE  B 

53FI  Farel  Fyrometer  Data 


Pyrometer 


Left 


R  ■  ght 


RFS5 


RUN  «  12  DRY  2166 


TEST  TIME  90.0  MINS 


SIDE  fi 


E  m  i  ss  i  v  i  t  g  P  one  1 
7  her moeoup 1 e 


S3  FI  Panel  F^o  meter  Data 


Pyrometer 


L.  e  f  t 


Right 


TEST  TIME  105..  Q  MINS 

SIDE  B 


E  m i ss i v i t  y  P  ane 1 
T  hermacouple 


S0FI  Panel  Pyrometer  Data 


P  yromet  er 


Left 


Right 


flFSS 

RUN  #12  DRY 

2166 

TEST  TIME 

120, 0  MINS 

SIDE  A 

Emissivity  Panel 

SQF I  F  ane 1  F yr 

o  m  e  t  e  r  Data 

T  her mocoup 1 e 

Pyrometer  Left 

R  ght 

10.  s 

11.  0 

10.  5 
11.0 
10.  8 

11.  1 
11.1 


TEST  TIME  135.0  MINS 

SIDE  B 


E  m i ss i v  i  t  y  Panel 
T  hermocoup  1  e  Pyrometer 


CP  11.0  11.  I 

10.  9  11.1 

10.  9  1  t.  t 

11.0  11.2 

11.0  11.  I 

11.0  11.1 

1 1.  I  1 1.  I 

11.  1  11.1 

1 1.  1  11.1 

mi  u 


SOF  I  Panel  Fyro  meter  Data 


Left 


R  •  ght 


RFSS 


RUN  #  12  DRY  2166 


TEST  TIME  ISO. 0  MINS 

SIDE  A 

Ethsji  vi  tj  Pane!  SQF1  Fane!  Pgro'iieterQata 


Thermocouple  P  y  r  o  m  e  t  e  r 


Left 


TOP 

11. 

1 

11. 

0 

11. 

0 

11. 

0 

11. 

0 

1  l. 

0 

i  l. 

1 

11. 

l 

1  l. 

l 

11. 

1 

-10.  0 
-3.  8 
-4.  1 


R  1  ght 


-7.  4 
-7.  7 


TEST  TIME  165. Q  MINS 

SIDE  B 


Em  i  ssi  vi  tg  Pane!  50F  I  Panel  F  g  r  o  m  e  t  e  r  Data 


T  her  Tiocoup  1  e 

Pyrometer 

Left 

R  •  ght 

11.1 

11.  1 

1.  1 

2.  2 

11.1 

1  l.  1 

0.  0 

?.  0 

11.  1 

11.1 

-0.  5 

2.  7 

l  l.  1 

11.  2 

1.  5 

4.  4 

11,1 

11.1 

1.  6 

4.  4 

11.  1 

11.  1 

1.  1 

t.  S 

11.  1 

It.  1 

1,  l 

CO 

o 

11.  1 

11.  1 

0.  3 

1. 1 

11.  2 

1  1.  1 

0.  5 

0.  8 

_ LL_2 _ 

11.  1 

1.  0 

1.  S 

RFSS 


RUN  »  12  DOT  2158 


TEST  TIME  130. 0  MINS 

SIDE  Pi 

E  n  i  5-3  i  v  i  t  y  Pane!  S3P  1  pcne!  F  g  r'o,»e  t  e  Data 


E  n  i  5‘3  i  v  i  t  y  Pane! 
T  he^wo couple 


y  "  D  ’ll  e  t  e  n 


Left 


TEST  TIME  i  9D„  0  MINS 

SIDE  B 


E  "n  i  ss  i  v  '  t  y  p  ane  1 
T  hen-no  couple 


0P 


Pg^oiieten 


S3FL  Pane 
Left 


R  ah t 


Fy'O'neter  Data 
P,  ght 


5. 

C 

5. 

5 

2.  2 

flFSS 


RUN  #12  DR  1  2 1 S 6 


TEST  TIME  210.  0  MIMS 

SIDE  R 


Eti  >  S3  i  v  i  t  j  p  one  !  $0F  I  F  are  .  F  y'-onete.''  Doto 

Thermocouple  Pyrometer  Left  R  ght 


TCP  11.3 

11.1 

-1C.  2 

11.3 

1  1.  1 

-5.  C 

11.3 

11.1 

-2.  7 

11.3 

i  1.  1 

-3.  3 

11.3 

iO.  5 

-S.  6 

11.3 

11.5 

-6.  1 

11.3 

11.1 

-S.  1 

11.3 

11.1 

-3.  3 

11.  3 

11.  1 

-3.  6 

11.  3 

1  1.  6 

-S.  6 

-12.  5 
-5.  1 
-5.  1 


-7.  2 
-S. 


-R 


0. 


-7. 

-7. 

-7. 


9 

0 

2 


l 


TEST  TIME  225.  Q  MINS 

SIDE  B 

Eti'  ssi  v  i  tg  Panel  5CF  I  panel  Pyrometer  Dato 


T  her mocoup 1 e 

Pyrometer 

Left 

R  ght 

TCP  11.  S 

11.1 

1.  1 

2.  7 

11.5 

11.1 

0.  3 

2.  7 

11.4 

11.2 

0.  2 

3.  2 

11.  4 

11.1 

1.  7 

5.  C 

11.4 

12.  2 

2.  7 

5.  C 

11.4 

11.2 

2.  2 

2.  7 

11.  4 

11.6 

1.  5 

1 .  6 

11.4 

11.4 

0.  0 

0.  3 

It.  4 

11.7 

0.  0 

0.  2 

11.  4 

11.  7 

1.  1 

0.  5 

O')  to 


RF  55 


RUN  #  12  DRT  2165 


TEST  TIME  240. 0  MINS 

SIDE  A 


Emssn/itj  p  one  ’ 
T  h  e  r  m  o  C.  o  u  p  1  e 


Pa^oiieter 


11.6 

11.6 

11.6 

11.6 

11.1 


DOF  1  p  one!  pyrometer'  Onto 


Left 


R  QMt 


-9.  4 
-4.  4 
-2.  2 
-2.  7 
-6.  1 
-6.  1 
-6.  1 


TEST  TIME  255.  0  MINS 

SIDE  B 


Em  ssn/i  t  j  panel 
T  her mocoup  1  e 


SCF1  Panel  Pyrometer  Data 


Pyrometer 


Left 


R  :  ght 


RF  55 


RUN  #  12  DRf  2166 


TEST  TIME  270.  0  MINS 

S1DF  R 


Emssivitj  P  one  I 
T  hernocouple 


53F  1  p  nne  ! 


Pj^ometer 


Left 


P  gr one  t  er  Data 
R  ght 


TEST  TIME  285.  Q  MINS 

SIDE  B 

E  ■»»  i  sc*  i  v  i  t  g  pone!  S  0  F  I  pane!  Pgr  one  ter  Data 

Thernocouple  Pgroneter  Left  R  ght 


255 


PFSS 


RUN  #  1  3 


DRY  2168 


Test  I ■ me 

t m  i  r.i 


5.  8  C 


7C.  0 
75.  C 
80.  0 
30.  C 
00.  0 
95,  0 
ICO-  G 
i  05.  0 
1 10.  0 
i  15,  0 
120.  Q 
125.  C 
130.  0 
135.  C 
140.  0 
145.  0 
150.  0 
155.  0 
160-  0 
165.  0 
170.  0 
175.  C 
180.  0 
185.  0 
190.  0 
195.  C 
200-  0 
205.  0 
210.  0 
215.  C 
220.  0 
225.  0 
230.  0 
235.  C 
240.  0 
245.  C 
250.  0 
255.  0 
260.  0 
265.  0 
2 70.  0 
275.  0 
280.  0 
285.  0 


0.  000 
0.  000 
0.  000 
0.  460 

1.  149 

2.  063 

3.  218 
3.  218 
3.  678 
3.  448 
3.  448 
3.  448 
3.  448 
3.  448 
3.  448 
3.  448 
3.  448 
3.  448 
3.  448 
3.  448 
3.  218 
2.  988 
2.  988 
2.  988 


2.  988 
2.  988 

2.  988 

3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 

2.  988 

3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 
3.  218 


0.  000 
0.  000 
0.  000 
0.  920 
1.  839 
3.  448 
3.  908 
3.  908 
3.  908 
3.  908 
3.  908 
3.  908 
3.  573 
3.  908 
3.  908 
3.  908 
3.  678 
3.  908 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  673 
3.  678 
3.  678 
3.  448 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  908 
3,  678 
3.  908 
3.  908 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 
3.  678 


256 


RFSS 


DRY  2163 


7  cst  7  i me 

l m  i  n) 

0.  0 

mm 

15.  1C 

b.  0 

■QQ 

lb.  0 

10.  0 

mtm 

14.  9 

lb.  0 

BH 

14.  9 

20.  0 

Ki 

14.  9 

2b.  0 

■Hi 

14,  8 

30.  0 

13.  8 

14.  7 

35.  0 

13.  8 

14.  7 

40.  0 

13.  8 

14.  6 

4b.  C 

13.  8 

14.  6 

50.  0 

13.  8 

14.  6 

55.  0 

13.  8 

14.  7 

00.  0 

13.  8 

14.  7 

65.  0 

13.  8 

14.  8 

70.  0 

13.  8 

14,  8 

75.  0 

13.  8 

14.  7 

80.  0 

13.  8 

14.  7 

85,  0 

13.  9 

14.  7 

90.  0 

13.  9 

14.  6 

9b,  0 

13.  9 

14.  6 

100.  0 

13.  9 

14.  6 

105.  0 

13.  9 

14.  6 

110.  0 

13.  9 

14.  6 

115.  C 

13.  9 

14.  6 

120.  0 

14.  1 

14.  6 

12b.  0 

14.  1 

14.  6 

130.  0 

14.  2 

14.  6 

135.  0 

14.  2 

14.  6 

140.  0 

14.  2 

14.  5 

145.  0 

14.  3 

14.  6 

150.  0 

14.  3 

14.  6 

155.  0 

14.  3 

14.  5 

160-  0 

14.  3 

14.  5 

165.  0 

14.  4 

14.  6 

170.  0 

14.  3 

14.  6 

175.  0 

14.  3 

14.  5 

180.  0 

14.  4 

14.  6 

185.  0 

14.  6 

14.  6 

190.  0 

14.  6 

14.  7 

195.  0 

14.  6 

14.  7 

200.  0 

14.  6 

14.  7 

205.  0 

14.  6 

14.  7 

210.  0 

14.  8 

14.  7 

215.  0 

15.  0 

14.  7 

220.  0 

15.  3 

14.  8 

225.  0 

15.  5 

14.  8 

230.  0 

15.  4 

14.  9 

235.  0 

15.  4 

14.  9 

240.  0 

15.  9 

15.  0 

245.  0 

16.  1 

15.  1 

250.  0 

16.  0 

15.  1 

255.  0 

16.  5 

15.  2 

260.  0 

17.  3 

15.  3 

265.  0 

17.  7 

15.  6 

270.  0 

17.  2 

15.  6 

275.  0 

16.  8 

15.  6 

280.  0 

16.  0 

15.  4 

285.  0 

15.  9 

15.  3 

RVIiTiWH 

_ ifi-  n 

_ 15.  a 

14.  9C 

■S3 

14.  9 

■SI 

14.  9 

■si 

14,  5 

SSI 

14.  9 

14.  8 

■g 

14.  8 

14.  7 

15.  1 

14.  7 

15.  1 

14,  7 

15.  1 

14.  6 

15.  1 

14.  6 

14.  9 

14.  6 

lb.  0 

14.  5 

14.  9 

14,  4 

14.  9 

14.  4 

14.  9 

14.  4 

14.  9 

14.  4 

14.  9 

14.  4 

14.  9 

14.  3 

14.  8 

14.  3 

14.  8 

14.  3 

14.  8 

14.  3 

14.  8 

14.  3 

14.  8 

14.  3 

14.  8 

14.  3 

14.  7 

14.  2 

14.  7 

14.  2 

14.  7 

14.  2 

14.  7 

14.  1 

14.  7 

1'4.  1 

14.  7 

14.  1 

14.  7 

14.  1 

14.  7 

14.  1 

14.  6 

14.  1 

14.  7 

14.  1 

14.  7 

14.  1 

14.  7 

14.  0 

14,  7 

14.  0 

14.  6 

14.  0 

14.  6 

14.  0 

14.  6 

14.  0 

14.  6 

14.  0 

14.  7 

13.  9 

14.  6 

14.  0 

14.  6 

13.  9 

14.  6 

13.  9 

14.  6 

13.  9 

14.  6 

13.  9 

14.  6 

13.  9 

14.  6 

13.  9 

14.6 

13.  9 

14.  6 

13.  9 

14.  6 

13.  9 

14.6 

13.  9 

14.6 

13.  9 

14.7 

13.  9 

14.  6 

13.  9 

14.  6 

1  *  Q 

li.R 

Walls 

E 

W 

5.  1C 

14.  8C 

mm 

h,  i 

14.  8 

KB 

b.  c 

14.  8 

mm 

5.  1 

11.  7 

5.  1 

14,  8 

-iHf 

14.  0 

14.  7 

lb.  c 

4.  8 

14.  7 

14.  9 

4.  8 

14.  6 

14.  8 

4.  8 

14.  6 

14.  8 

4.  7 

14.  6 

14.  8 

4.  8 

14.  6 

14.  8 

4,  7 

14.  6 

14.  8 

4.  7 

14,  b 

i 4.  8 

4,  7 

14.  6 

14.  8 

4.  7 

14.  5 

14.  8 

4.  7 

14.  b 

1  4,  8 

4.  7 

14.  4 

14.  8 

4.  6 

14.  b 

14.  8 

4.  6 

14.  4 

14.  7 

4,  6 

14.  4 

14.  7 

4.  6 

14.  4 

14.  6 

4,  5 

14.  4 

14.  6 

4.  b 

14.  3 

14.  6 

4.  5 

1  4.  4 

14.  6 

4.  b 

14.  3 

14.  6 

4,  4 

14.  4 

14.  6 

4.  4 

14.  3 

14.  6 

4.  4 

14.  3 

14.  6 

4.  4 

14.  3 

14.  6 

4.  4 

14.  3 

14.  6 

4.  4 

14.  3 

14.  6 

4.  4 

14.  3 

14.  6 

4.  4 

14,  3 

14.  6 

4.  4 

14.  3 

14.  6 

4.  4 

14.  3 

14.  6 

4.  4 

14.  3 

14.  6 

4.  b 

14.  3 

14.  6 

4.  4 

14.  3 

14.  6 

4.  5 

i 4.  4 

14.  6 

4.  b 

14.  3 

14.  6 

4.  6 

14.  4 

14.  7 

4.  5 

14.  4 

14.  6 

4.  5 

14.  4 

14.  6 

4.  5 

14.  4 

14.  6 

4,  5 

14.  4 

14.  6 

4.  5 

14.  4 

14.  6 

4.  6 

14.  5 

14.  7 

4.  6 

14.  b 

14.  7 

4.  6 

14.  5 

14.  7 

4.  6 

14.  6 

14.  7 

4.  6 

14.  6 

14.  7 

4.  7 

14.  6 

14.  8 

4.  7 

14.  6 

14.  8 

4.  7 

14.  7 

14.  8 

4.  8 

14.  7 

14.  9 

4.  8 

14.  7 

14.  9 

4.  8 

14.  7 

14.  9 

4.  8 

14.  7 

14.9 

.4. 

_ 14.  7 

_ LA_9_ 

RF  58 


RUN  » 1 3  DRY  2168 


(St  1  ! 
I  n  i  H 

C.  G 
5.  C 
10.  0 
lb,  C 
20.  0 
2b,  0 
30.  0 
35,  0 
40.  0 
4b,  0 
50.  0 
55.  0 
60.  0 
05,  0 
70.  0 
75,  0 
80.  0 
85,  0 
90.  0 
9b,  0 
100.  0 
l Ob.  0 
i  10.  0 
lib,  0 
120.  0 
12b.  0 
130.  0 
135.  C 
140.  0 
14b,  0 
ISO.  0 
155.  0 
160.  0 
165,  0 
170.  0 
175.  0 
180.  0 
185.  0 
190.  0 
19b.  0 
200.  0 
205.  0 
210.  0 
215.  0 
220.  0 
225.0 
230-  0 
235.0 
240.  0 
24b.  0 
250.  0 
255.  0 
260.  0 
265.0 
270.  0 
275.0 
280.  0 
285.  0 
.290.  Q 


2S8 


rj  n  co  rj  ro  n 


RFSS 


RUN  #13  DRY  2168 


! 

w" 

i 

i 


Test  Time 

l  n  i  n) 

T  her mocoup  1  c 
11  12 

Readout  by 
13  14 

Position  SIDE  B 

15  IS  17 

18 

0.  0 

15.  2 

15.  2 

15,  3 

15.  3 

1  c;  t 

1  Or  c. 

15.  2 

15.  3 

15.  2 

5.  C 

15.  2 

15.  2 

15.  2 

15.  0 

15.  2 

15.  2 

15.  1 

15.  1 

10.  0 

14.  8 

14.  3 

13.  6 

11.  9 

14.  8 

14.  5 

13.  6 

12.  4 

IS.  0 

13.  8 

12.  6 

10.  8 

6,  1 

13.  9 

13.  2 

11.  1 

7.  7 

20.  0 

12.  7 

10.  2 

6.  4 

3.  7 

12.  9 

11.3 

7.  7 

4.  8 

25,  0 

11.  1 

6.  2 

3.  4 

3.  6 

11.  3 

8.  9 

4.  1 

4.  0 

30.  0 

8.  3 

1.  1 

2.  6 

3.  1 

8.  7 

3.  8 

3.  1 

3.  8 

35.  0 

3.  9 

0.  6 

2.  2 

3.  1 

3.  8 

1.  2 

2.  8 

3.  6 

40.  0 

5.  1 

0.  8 

2.  2 

3.  3 

2.  7 

0.  6 

2,  6 

3.  9 

45,  C 

5.  5 

2.  3 

3.  1 

4.  1 

2.  6 

1.  1 

3.  0 

4.  1 

50.  0 

5.  8 

2,  3 

2.4 

3.  2 

2.  8 

1.  1 

2.  8 

3.  8 

55.  0 

5.  5 

2.  1 

2.  t 

3.  1 

2.  7 

0.  9 

2.  3 

3.  3 

60.  0 

5.  2 

2.  5 

1.  9 

2.  8 

2.  7 

Q.  8 

2.  5 

3.  6 

65.  0 

5.  5 

2.  7 

1.9 

3.  1 

2.  8 

0.  8 

2.  3 

3.  2 

70.  0 

5.  7 

2.  3 

2.  2 

3,  0 

3,  0 

0.  7 

2.  4 

3.  5 

75.  0 

5,  4 

2,  6 

2,  0 

2,  8 

2,  9 

0.  8 

2,  4 

3.  4 

30.  0 

5.  2 

2.  4 

2.  4 

3.  3 

2.  7 

0.  3 

2.  7 

3.  8 

85.  0 

5.  0 

2.  5 

2.  3 

2.  8 

2,  5 

0.  9 

2.  3 

3.  1 

90.  0 

4.  9 

2.  4 

2.  t 

3.  8 

2,  2 

l.  0 

2.  8 

3.  4 

96.  0 

5.  3 

2.  6 

1.  9 

3.  1 

2.  3 

0.  9 

2.  4 

3.  3 

100.  0 

5.  6 

2,  3 

l.  8 

2,  8 

2.  9 

0.  9 

l.  9 

3.  2 

106.  C 

5.  4 

l.  7 

1.5 

2.  5 

3.  1 

0.  6 

1.  6 

2,  9 

110.  0 

5.  1 

1.  4 

2.  2 

3.  4 

2.  9 

0.  4 

1.8 

3.  4 

115.  C 

5.3 

l.  3 

1.  3 

2.  5 

2.  9 

0.  4 

1.  7 

3.  0 

120-  0 

5.  1 

l.  8 

L.  4 

2.  6 

2,  9 

0.  3 

l.  9 

3.  2 

125.  0 

4,  9 

1.  4 

1.2 

2.  4 

2,  6 

0.  3 

l.  7 

3.  2 

130.  0 

5.  0 

l.  8 

1.  6 

2,  5 

2.  6 

0.  2 

1.  7 

2.  9 

135.  C 

4.  1 

2.  0 

1.6 

2.6 

1.6 

0.  4 

1.9 

3.  2 

140.  0 

3.  6 

2.  0 

1.6 

2.  3 

i  .  4 

0.  4 

2.  1 

3.  2 

145.  0 

3.  8 

2,  3 

1.  6 

2,  7 

1.  4 

0.  3 

2.  0 

3.  2 

150.  0 

4.  C 

2.  3 

i.  7 

2.  7 

1.  1 

0.  3 

l.  9 

3.  2 

155.  0 

3.  7 

2.  1 

l.  7 

2.  4 

1.  0 

0.  4 

2.  0 

2.  9 

160-  0 

3.  6 

2,  l 

l.  7 

2.  6 

0.  9 

0.  6 

2,  1 

2.  9 

165.  C 

4.  3 

1.  9 

l.  6 

2.  8 

1.2 

0-  4 

1.  7 

2.  7 

170.  0 

4.  3 

l.  8 

1.6 

2.  8 

1.  4 

0.  3 

l.  8 

2.  7 

175.  0 

3.  7 

2.  1 

1.7 

3.  2 

0.  9 

0.  6 

1.  9 

2.  9 

100.  0 

3.  3 

l.  9 

l.  8 

2,  6 

0.  9 

0.  6 

1.  9 

3.  1 

185.  C 

3.  8 

l.  4 

l.  4 

2.  7 

1.  1 

0.  8 

1.  8 

2.  9 

190.  0 

4.  3 

l.  4 

l.  7 

2.  6 

2,  1 

l.  6 

2.  1 

3.  1 

195.  C 

4,  4 

l.  2 

1.  7 

2.  7 

1.  7 

l.  4 

2.  2 

3.  3 

200.  0 

4.  3 

l.  2 

t.  8 

2.  7 

l.  7 

1.  1 

1.9 

2.  8 

205.  C 

3.  9 

l.  2 

l,  7 

2.  8 

l.  2 

0.  9 

1.  9 

3.  1 

210.  0 

3.  9 

l.  2 

1.8 

2.  7 

1.  1 

0.  5 

1.  8 

2.  9 

215.  C 

3.  9 

1.  3 

1.4 

2.  6 

1.  1 

0.  5 

i.  9 

2.  9 

220.  0 

4.  0 

1.  2 

1.  4 

2.  4 

0.  9 

0.  9 

2.  2 

2.  9 

225.  0 

3.  4 

1.  2 

l.  4 

2.  5 

0.  8 

0.  7 

1.9 

3.  0 

230.  0 

3.  5 

1.  4 

1.  7 

2.  6 

l.  1 

0.  5 

l.  8 

3.  1 

235.  C 

3.  5 

2.  2 

l.  7 

2.  6 

1.2 

0.  7 

2.  3 

3.  7 

240.  0 

3.  7 

2.  3 

l.  3 

2,  8 

l.  2 

0.  5 

i.  9 

3.  3 

245.  C 

3.  8 

2,  4 

l.  6 

2.  7 

1.  3 

0.  6 

2.  2 

3.  3 

250.  0 

3.  9 

2.  2 

1.6 

2.  8 

1.  3 

0.  5 

2.  2 

3.  4 

255.  0 

4.  0 

2.  4 

l.  7 

2.  5 

i.  7 

0.  5 

2.  3 

3.  4 

260.  0 

3.  8 

2.6 

1.  9 

2.  9 

1.8 

0.  5 

2.  3 

3.  5 

265.  0 

4.  2 

2.  4 

1.  8 

2.8 

1.8 

0.  6 

2.  3 

3.  5 

270.  0 

3.  6 

2.  5 

1.  5 

2.  8 

1.9 

0.  7 

2.  3 

3.  7 

275.  0 

3.  8 

2.  9 

2.  0 

2.  9 

1.8 

0.  7 

2.  4 

3.  6 

280.  0 

3.  6 

2.  7 

1.  8 

2.  4 

1.  8 

0.  7 

2.  6 

3.  9 

285.  C 

4.  2 

2.  6 

1.6 

2.  8 

1.9 

0.  8 

2.  3 

3.  9 

VK^rniivi 

_ 3.  8 

_ 7L_3 _ 

_ L_9 _ 

_ 2-J _ 

_ L-9 _ 

_ Qj_8 _ 

2.3 

_ a*_a_ 
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RFSS 


RUN  #13  DRY  2168 


AFSS 


RUN  #  13  DAT  2168 


TEST  TIME  15.0  MINS 

SIDE  B 

Efussivity  Panel  SOF I  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  Left  Right 


14.  9 

14.  4 

13.  3 

13.  3 

14.  9 

14.  4 

13.  3 

13.  2 

14.  9 

14.  4 

12.  7 

12.  7 

14.  5 

14.  8 

12.  2 

12.  7 

14.  9 

14.  4 

11.  1 

12.  2 

14.  9 

14.  8 

10.  0 

10.  5 

14.  8 

14.  4 

7.  7 

9.  4 

14.  8 

15.  0 

4.  4 

5.  5 

14.  8 

14.  4 

1.6 

3.  8 

1 4..8 

_ LLA _ 

_ 2.2 

4.  4 

0 


Hr  SS 


RUN  «  13  DAT  2168 


TEST  TIME  30.  0  MINS 

SIDE  A 

Enissivity  Panel  SOFI  Panel 

Thermocouple  Pyrometer  L.  eft 


OP 


-3,  5 
-1.  I 
-2.  2 
-1.2 
-2.  2 
-3.  5 
-2.  2 
-2.  4 
-3.  3 


P  yr ome  ter  Data 
Right 


-S.  3 
-0.  6 
-1.  6 
-1.8 
-3.  S 


TEST  TIME  45.  0  MINS 

SIDE  B 

Emissivity  Panel  SOFI  Panel  Pyrometer  Data 


Emissivity  P ane 1 
T  her nocoup  1 e 

Top  hTt 

14.  7 


P  yromet  er 

14.  4 
14.  4 


Left 


4.  7 

14.  4 

4.  S 

14.  8 

4.  6 

14.  5 

4.  S 

14.  4 

4.  6 

14.  4 

4.  6 

14.  4 

4.  5 

14.  4 

4.4 _ 

14.  4 

R  :  ght 


TEST  TIME  60.  Q  MINS 

SIDE  R 


-ta.-'Jfw  ... 


RUN  #  13  DRY  2168 


S3F1  Panel  Pyroneter  Data 


Left 


R  '  gh  t 


TEST  TIME  75.  0  MINS 

SIDE  B 


Emssivi  ty  Panel 
T  henmo  couple 


S0FI  Panel  Pgrometen  Data 


Pyrometer' 


Left 


R  ■  ght 


AFS5 


RUN  *  13  DAY  2168 


TEST  TIME  90.  0  MINS 

SIDE  R 

Emiss/v/ty  Panel  SOF  1  Panel  Pyrometer  Data 


T  hermocoup 1 e 

P  grome  ter 

Left 

R  ■  ght 

TOP  14.7 

15.  0 

-9.  8 

-10.  S 

14.  7 

15.  0 

-3.  7 

-3.  0 

14.  7 

14.  7 

-3.  3 

-3.  4 

14.  7 

15.  0 

-4.  3 

-4.  0 

14.  6 

14.  S 

-3.  8 

-5.  8 

14.  6 

14.  4 

-3.  8 

-4.  4 

14.  4 

14.  4 

-4.  0 

-3.  3 

14.  4 

14.  4 

-4.  S 

-4.  4 

14.  3 

13.  8 

-3.  8 

-2.  2 

14.  3 

14.  0 

-3.  3 

-3.  8 

TEST  TIME  105-  G  MINS 

SIDE  B 

Emissivity  Panel  SQF I  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  Left  Right 


TOP  14.5 

14.  4 

6.  1 

8.  3 

14.  5 

14.  5 

5.  2 

5.  5 

14.  S 

14.  7 

6.  t 

5.  5 

14.  5 

14.  4 

6.  S 

5.  0 

14.  5 

14.  4 

5.  0 

5.  0 

14.  4 

14.  3 

3.  3 

3.  8 

14.  3 

14.  4 

4.  4 

5.  5 

14.  3 

14.  4 

4.  4 

5.  5 

14.  2 

13.  8 

3.  8 

5.  0 

_ L4,2_  _ 

_ LA _ 

5.  5 

flFSS 


RUN  n  13  DRY  2168 


i 

;;  TEST  TIME  120.  Q  MINS 

:i  SIDE  R 


Em  S5i  v  i  ty  Panel  S3F1  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  Left  R i ght 


TOP  14.4 

14.  4 

-8.  8 

-8.  3 

14.  5 

14.  4 

-2.  2 

-0.  7 

14.  5 

14.  4 

-2.  6 

-1.2 

14.  4 

14.  4 

-2.  7 

-1.  0 

14.  4 

13.  8 

-3.  5 

-2.  7 

14.  4 

13.  9 

-2.  7 

-2.  7 

14.  3 

13.  8 

-1.  S 

-1.6 

14.  3 

13.  8 

-1.  1 

-2.  2 

14.  2 

13.  8 

-2.  b 

-0.  b 

14.  1 

_ Li_8 _ 

_ _ 

_ -o.  5 

TEST  TIME  135. Q  MINS 

SIDE  B 

Em i ssi vi ty  Panel  SOFI  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  Left  R ■ ght 


265 


flFSS 

RUN  *  13 

DAT  2168 

TEST  TIME 

150. Q  MINS 

SIDE  fl 

Emissivitg  Panel 

SOFI 

Panel  Pyrometer  Data 

T  hermocouple 

P  gromet  er 

Left  R ■ ght 

14.  0 
14.  2 
14.  4 


-10.  b 
-3.  8 
-4.  4 
-4.  6 
-5.  5 
-4.  1 
-4.  4 
-b.  2 
-4.  0 
-3.  3 


TEST  TIME  165-  0  MINS 

SIDE  B 


Etnssivity  P  one  1 
Thermocouple  Pyrometer 


14.  4 
14.  4 
14.  7 
14.  1 
14.  3 
14.  4 
14.  4 


SOFI  Panel  Pyrometer  Data 


Left 


R  :  ght 


I 


AFSS 


RUN  #  13  DAT  2163 


TEST  TIME  180. Q  MINS 

SIDE  A 

Em  sgi  v  i  ty  Panel  S0F1  Fan  el  Pyrometer  Data 

T  hemocouple  Pyrometer  Left  R  1  ght 


TOP  14.5 

14.  4 

-12.  7 

-11.5 

i  4.  4 

14.  4 

-5.  8 

-4.  4 

14.  4 

14.  4 

-5.  9 

-4.  4 

14.  4 

14.  4 

-4.  7 

-5.  0 

14.  4 

14.  4 

-4.  7 

-5.  5 

14.  3 

14.  8 

-5.  5 

-5.  S 

14.  2 

14.  4 

-3.  8 

-4.  5 

14.  2 

14.  4 

-4.  4 

-5.  7 

14.  2 

13.  8 

-S.  0 

-4.  8 

_ LA-i _ 

14.  4 

_ -2,2 _ 

_ r3.  4  ... 

TEST  TIME  i 95.  Q  MINS 

SIDE  B 

Emssivity  Panel  S0FI  Pane!  Py^ometerData 

Thermocouple  Pyrometer  Left  Rght 


AFSS 


RUN  *  13  DAT  2163 


TEST  TIME  210.  0  MINS 

SIDE  0 

Eii'SSivitj  Panel  S3F  I  p  ane  !  pgrometer  Data 


I  her mocoup 1 e 

P  sj^omet  er 

Left 

R  ght 

12P  14.  S 

lb.  C 

-12.  b 

-3.  3 

14.  6 

lb.  0 

-S.  1 

-4.  4 

14.  6 

lb.  3 

-4.  4 

-3.  C 

14.  b 

lb.  0 

-b.  b 

-3.  4 

14.  b 

14.  4 

-b.  2 

-5.  1 

14.  4 

14.  7 

-4.  2 

-4.  4 

14.  3 

i 4.  S 

-3.  3 

99.  9 

14.  3 

14.  3 

, 

“  -i  .  *? 

99.  9 

14.  2 

14.  7 

b.  b 

99.  9 

14.  1 

14.  4 

:  -2-2 _ 

-2.  7 

TEST  TIME  223.  0  MINS 

SIDE  3 

SOF I  p  ane ! 


En  i  S3  i  v  i  panel 
Thermocouple  P^^OHeter 


Left 


p  yromet  er  Data 
P.  ght 


RF  55  RUN  *  13  unr  2158 


TEST  TIME  240.  Q  MINS 

SIDE  R 

En i ssi v i Panel  S3F I  Panel  Pyrometer  Data 


T  hentio couple 

Pyrometer 

Left 

P,  1  ght 

TOP  14,7 

lb.  2 

-12.  2 

-9.  8 

14.  6 

lb.  3 

-S.  1 

-3.  8 

14.7 

lb.  D 

-b.  0 

-3.  b 

14,  6 

14.  4 

-b.  8 

-3.  8 

14.  6 

lb.  b 

-S.  S 

-b.  b 

i  4.  6 

lb.  6 

-3.  4 

-4.  4 

14.  4 

IS.  1 

-b.  0 

99.  9 

14.  4 

lb.  S 

-3.  3 

99.  9 

14.  3 

lb.  b 

-3.  3 

99.  9 

14.  1 

13.  8 

-3.  3 

-1.  1 

TEST  TIME  2S5.  0  MINS 

SIDE  B 


Eh i ss i vi ty  Panel  53F  I  Panel  Pyrometer  Data 


T  hermocoup  1  e 

P  yrometer 

Left 

P  ■  ght 

TOP  14.7 

lb.  C 

3.  8 

3.  8 

14.  7 

lb.  C 

3.  7 

2.  7 

14.  7 

lb.  b 

5.  0 

2.  7 

14.  7 

14.  S 

3.  b 

2.  0 

14.  7 

lb.  0 

2.  7 

2.  2 

14.  S 

14.  S 

1.  S 

2.  S 

14.  b 

14.  4 

1.  9 

1.  S 

14.  4 

14.  7 

1.  1 

2.  5 

14.  3 

14.  3 

l.  1 

2.  7 

_ LU _ 

14.  4 

..  S 

2.  S 

flFSS 


RUN  #  13  DAT  2168 


TEST  TIME  270.  Q  MINS 

SIDE  A 

Emssivity  Panel  S3F  I  Panel  Pyrometer  Data 

T  hermocoup  1  e  Pyrometer  Left  R  ■  ght 


TOP  14.8 

14.  8 

-9.  4 

-9.  4 

14,  8 

13.  Q 

-5.  7 

-2.  2 

14.  8 

14.  4 

-5.  4 

-3.  3 

14.  8 

15.  1 

-5.  5 

-4.  S 

14.  8 

15.  G 

-6.  1 

-4.  S 

14.  7 

15.  G 

-3.  5 

-4.  5 

14.  S 

14.  4 

-3.  B 

-1.  S 

14.  5 

14.  5 

-4.  B 

99.  9 

14.  4 

14.  5 

-4.  4 

99.  9 

14.  2 

14.  4 

_ z3^2 _ 

-2.  2 

TEST  Ti\£  285. 0  MINS 

SIDE  B 

Enissivity  Panel  SDFl  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  L.  eft  Right 


RFSS  RUN  #14  DRY  2173 


« 


272 


p 

R 

B 


RFSS 

RUN 

«  1  4 

DRY 

2173 

Test  7  me 

Thermocouple  Readout  b„ 

[m  •  *.) 

1 

2 

3 

4 

0.  G 

13.  3 

13.  3 

13.  3 

13.  1 

12.  6 

13.  2 

13.  2 

b.  G 

13.  2 

13.  1 

12.  9 

12.  7 

12,  7 

13.  1 

13.  1 

1G.  0 

11.  9 

11.2 

8.  8 

5.  3 

11.4 

11.  1 

10.  3 

15.  C 

9,  9 

8.  1 

2.  7 

-3.  3 

9  7 

7.  5 

5.  2 

2G.  0 

6.  3 

3.  1 

-3.  5 

-2.  5 

7.  2 

1.  4 

0.  b 

2b,  C 

1.4 

-4.  4 

-4.  4 

-3.  4 

3.  5 

-4,  4 

-G.  2 

30.  C 

-4,  7 

-5.  3 

-4.  4 

-3.  4 

-0.  7 

-4.  3 

C-  0 

35.  G 

-b.  4 

-4.  5 

-3.  5 

-2.  9 

-1.  1 

-4.  3 

-G.  1 

40-  0 

-4,  5 

-b.  1 

-3.  7 

-3.  0 

-1.  3 

-b,  0 

C.  G 

4b.  G 

-b.  2 

-b.  6 

-3.  8 

-2.  6 

-0.  6 

-3.  9 

C.  0 

bC-  C 

-4.  1 

-b.  7 

-4.  5 

-2.  9 

-0.  4 

-4,  6 

G  -  3 

55,  0 

-2.  3 

-2.  5 

-4.  0 

-3.  2 

-1.8 

-b.  4 

-0.  4 

60.  G 

-3.  G 

-2.  1 

-0.  9 

-1.  1 

-2.  G 

-b.  3 

-G-  1 

65.  0 

-2.  G 

-2.  8 

-0.  9 

-1.  1 

-1.  3 

-b.  5 

-0.  8 

70-  0 

-1.  1 

-2.  9 

-0.  2 

-l.  2 

-l.  7 

-b.  3 

-0.  1 

75.  0 

-t.  7 

-2.  3 

-1.0 

-1.  1 

-t.  4 

-6.  G 

-o-  6 

80-  0 

-l.  7 

-1.  7 

-2.  1 

-1.2 

-1.  6 

-6.  G 

-G-  4 

85.  C 

-2.  6 

-t.  9 

-1.8 

-1.  6 

-l.  4 

-b.  9 

-0-  3 

90.  G 

-4.  1 

-2.  7 

-0.  9 

-0.  9 

-t.  6 

-b.  8 

-0.  4 

9b.  0 

-4.  3 

-3.  9 

-0.  5 

-0.  8 

-2.  3 

-b.  9 

-0.  6 

iOC-  0 

-4,  4 

-4.  5 

-1.  8 

-1.2 

-1.5 

i 

-0.  3 

105.  G 

-1.  3 

-4.  6 

-1.9 

-2.  1 

-1.  8 

-6.  3 

-0-  1 

no.  o 

-3.  8 

-3.  9 

-1.9 

-1.  4 

0.  1 

-6.  3 

-0.  9 

115.  C 

-2.  6 

-3.  3 

-0.  4 

-1.  7 

-0.  8 

-6.  2 

-0.  6 

120.  G 

-3.  4 

-0.  3 

-l.  4 

-0.  4 

-1.0 

-b,  7 

-0.  6 

12b.  G 

-3.  8 

-3.  3 

-0.  5 

-0.  4 

-1.  4 

-6.  2 

-0-  7 

130-  0 

-0.  7 

-4.  7 

-1.3 

-0.  6 

-1.6 

-6.  5 

-0.  8 

i  35.  G 

-2.  7 

-3.9 

-0.  7 

-0.  b 

-0.  1 

-6.  7 

-1.  1 

140.  0 

-1.  6 

-5.  3 

-0.  7 

-0.  6 

0.  1 

-6.  5 

-0.  8 

14b.  0 

-2.  4 

-5.  6 

-0.  4 

-0.  5 

-0.  7 

-6.  2 

-0-  7 

150.  0 

-2.  3 

-b.  6 

-0.  4 

-0.  6 

-1.  0 

-b,  2 

-0.  4 

155.  C 

-3.  7 

-6.  4 

-1.9 

-0.  6 

-l.  1 

-0.  3 

0-  6 

160.  0 

-t.  8 

-1.2 

-l.  1 

-0.  6 

-0.  8 

-2.  8 

0.  2 

165.  C 

-0.  9 

-2.  1 

-1.  8 

-0.  7 

-1.  1 

-3.  7 

0.  1 

170.  0 

-2.  9 

-2.  6 

-2.  2 

-0.  7 

-1.2 

-3.  7 

-0.  1 

175.  0 

-1.  9 

-2.  6 

-2.  6 

-l.  4 

-0.  8 

-4.  2 

-0.  3 

180.  0 

-2.  6 

-l.  4 

-2.  3 

-2.  2 

-0.  7 

-4.  1 

-0.  1 

185.  0 

-0.  6 

-0.  7 

-0.  4 

-2.  0 

-0.  8 

-4.  4 

-0.  2 

190-  0 

-1.6 

-3.  0 

-0.  5 

-1.  2 

-0.  9 

-3.  9 

0-  0 

19b.  0 

-1.8 

-3.  3 

-1.  3 

-l.  1 

-0.  7 

-4.  0 

0.  1 

200.  0 

-2.  C 

-4.  0 

-1.  3 

-1.  3 

-0.  6 

-4.  3 

0.  0 

205.  0 

-1.  1 

-3.  8 

-1.6 

-0.  6 

-0.  6 

-4.  1 

0.  1 

210.  0 

-1.6 

-3.  6 

-2.  1 

-0.  6 

-0.  5 

-4.  2 

0.  4 

215.  0 

-2.  4 

-l.  1 

-1.0 

-0.  7 

-0.  3 

-4.  1 

0.  4 

220.  0 

-2.5 

-0.  7 

-0.  6 

-0.  5 

-0.  2 

-4.  2 

0.  3 

225.  0 

-2.  5 

-0.  8 

-0.  6 

-0.  7 

-0.  2 

-3.  9 

0.  4 

230.  0 

-2.  2 

-1.4 

-0.  5 

-0.  6 

0.  2 

-3.  4 

0.  7 

235.  0 

-0.  6 

-2.  1 

-0.  5 

-0.  6 

0.  8 

-3.  3 

0.  8 

240.0 

-0.  9 

-1.  9 

-0.  5 

-0.  6 

0.  9 

-2.  8 

0.  8 

245.  0 

-1.  1 

-2.  4 

-0.  8 

-0.  6 

0.  8 

-1.  3 

1.0 

250.  0 

-1.4 

-1.  6 

-0.  6 

-0.  6 

0.  9 

-l.  7 

1.3 

255.  0 

-1.2 

-0.  9 

-0.5 

-0.  6 

1.  1 

-1.5 

1.  8 

260.  0 

-0.  8 

-1.0 

-0.  7 

-0.  6 

1.5 

-1.  3 

1.  9 

265.  0 

-0.  7 

-0.  7 

-0.  8 

-0.  6 

1.6 

-l.  3 

2.  0 

270.0 

-0.  6 

-0.  8 

-0.  9 

-0.  6 

2,  1 

-1.  0 

2.  3 

275.0 

-0.  4 

-0.8 

-0.  5 

-0.  6 

2.  1 

-0.  4 

2.5 

280.0 

-0.  5 

-0.  8 

-0.  7 

-0.  6 

2.  4 

-0.  3 

3.  1 

285.  0 

-0.  6 

-0.  8 

-0.7 

-0.  5 

2.  7 

0.  1 

3.5 

_ 260.0 _ 

_ -Cl.  5 

_ =Q-8_ 

_ -Q.  7- 

UBiM 

_ 2-8 _ 

_ 0-2 _ 
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3 

12.  9 
12.  3 
4.  6 
-1.  1 
C-  0 
-0.  4 
-1.  1 
-c.  7 
-1. 
-0. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-I. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-I. 
-1. 
-2. 
-2. 
-2. 
-2. 
-2. 
-2. 
-2. 
-1. 
-1. 
-1. 
-t. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-0. 
-0. 
-0. 
-0.  I 
0.  4 
0.  9 
1.  3 
1.6 

1.  8 

2. -1- 


fj-ju>orjpjtr,A.cjrjoO'JCiC)Niu)CDo^-'“00^cO'Jcoa)-sio)j)i.r’^Luocu^'sjtu-rjiorj 


nrrc 

.-i  r  b  b 


RUG  #  14 


DRY  2173 


TEST  TIME  0.  0  MIMS 

SIDE  R 


E  *«  1  ss  •  v  i  t  *  p  nnel  Fane'  F  y'-o'itete"  Data 


T  he'^ocouple 

P«“oiif,ter 

Left 

R  gh  t 

TCP  12,9 

13.  0 

1  3.  3 

13.  7 

12.  3 

13.  3 

i  4.  3 

13.  3 

12.  7 

13.  9 

13.  3 

13.3 

12.  S 

13.  0 

13.  3 

i  3.  7 

12.  3 

13.  2 

14.  3 

13.  3 

12,  6 

13.  3 

13.  3 

14.3 

12.  5 

i  3.  3 

13.  3 

1  4.  4 

12.  3 

13,  3 

13.  3 

13.  3 

i  2.  3 

13.  3 

13.  3 

13.  3 

12.  9 

ii.1 

11.3 

_ lZ,.1 _ i 

TEST  TIME 

IS.  0  MINS 

SI 

GE  3 

E  "n  i  ss  i  </  i  t  m  Danel 

SCFI  Fan el 

~  o  n  e  t  e  r  Data 

7  hcruoc.oup  1  e 

P^^crieter 

Left 

R  Ght 

1Cp  12.  3 

13.  1 

11.  1 

12,  2 

12.  9 

13.  9 

11.  2 

11.2 

12.  4 

13.  2 

1G.  9 

11.1 

12.  4 

13.  2 

10.  G 

10.  3 

12.  9 

13.  3 

4.  7 

99.  9 

12.  9 

13.  2 

3.  3 

8.  7 

12.  4 

13.  G 

9.  G 

7.  0 

12.  9 

13.  3 

1.3 

2.  9 

12.  4 

13.  1 

-1.  3 

0.  9 

_ 12.  3 

_ LLJ _ 

-l.  3 

C.  G 

Rr  SS 


RUN  «  14  DRY  2173 


TEST  TIME  30.  C  MINS 

SIDE  R 

Em‘so>v;t«  p  nnel  5£F  I  Fane'.  F^~ometer  Data 


Thermocouple  Pyrometer  L.  eft  R  ght 


TEST  TIME  45.  0  MINS 

SIDE  B 


Emissivitg  Panel  5GF I  Panel  Fgrometer  Data 


T  hermocoup 1 e 

P  gromet  er 

Left 

R  ght 

TCP  12.2 

13.  2 

-2.  2 

-1.  S 

12.  2 

12.  8 

-2.  2 

-2.  2 

12.  1 

12.  S 

-2.  2 

-3.  6 

12.  0 

12.  7 

-2.  2 

-2.  2 

12.  1 

12.  7 

-2.  2 

-1.  S 

12.  0 

12.  7 

-2.  2 

-l.  S 

12.  0 

12.  7 

-l.  S 

-l.  6 

12.  0 

12.  7 

-2.  2 

-1.  S 

11.9 

12.  5 

-2.  2 

-1.7 

_ LL_8 _ 

12.  2 

_ -JL2. _ 

SHHiEtWIH 

TEST  TIME  75,  0 


E  ti  i  ss  i  v  i  t  y  P  one  1 
T  hemocoup  1  e 


MINS 
SIDE  B 


P  jromet er 


2.  7 
2.  7 
2.  5 
2.  7 
12.  7 
12.  7 
12.  7 
12.  7 
12.  7 


SOF I  Panel  Pgno<neter  Data 


Left 


P  :  ght 


0.  '> 
-1.  3 
-1.  5 
-1.  3 
-1.  I 
-1.  S 
-1.  1 
-0.  7 
-0.  5 


RFSS 


RUN  «  14 


DRY  2173 


TEST  TIME  120.0  MINS 

SIDE  FI 

Ed  ss  .  v  .  t  *  °  an  el  S3F  I  Pone'. 


Thermocouple 


’a"ometer 


2.  7 
2.  7 
2.  7 
12.  7 
12.  7 
12.  7 
12.  7 
12.  7 
12,  7 


L  e e  t 


."crnet  er  Data 
R  ght 


TEST  TIME  135. 0  MINS 


SIDE  3 


7  her moc.oup i e  DM"ODeter 


S3  FI  Panel  Py-ometer  Data 
L.  eft  R  cht 


RFSS 


RUN  #  14  DRY  2173 


i 

::  TEST  TIME  15C,  C  MINS 

;;  SIDE  R 


Eii'SSiv.ta  pane'.  5uFI  Pane'.  p  M"onete"  3r.to 


T  her-nocouple 

Pyrometer 

1.  e  f  t 

R  ght 

TCP  12.2 

12.  7 

-a.  G 

-7.  7 

12.  2 

12.  2 

-4.  2 

-1).  4 

12.  2 

12.7 

-4.  4 

-b.  7 

12.  2 

12.  7 

-5.  0 

-b.  5 

12.  2 

12.  7 

-4.7 

-3,  1 

12.  2 

12.  7 

-4.  4 

-b.  C 

12.  2 

12.  7 

-3.  8 

-4.  4 

12.  2 

12.  7 

-4.  4 

-3.  5 

12.  1 

12.  3 

-4.  C 

-b.  7 

_ LL_2 _ 

12.  2 

_ zl^2 _ 

_ _ 

TEST  TIME  165.  C  MINS 

SIDE  3 


Eii'ssivitj  Panel  SGF  I  Panel  Pyrometer  Data 


T  hermocoup 1 e 

P  y^omet  er 

Left 

R  gnt 

TCP  12.3 

12.  7 

1.  1 

G.  G 

12.  3 

12.  7 

-G.  1 

-1.  6 

12.  3 

12.  7 

-1.  1 

-1.  9 

12.  3 

12.  7 

-2.  2 

-2.  2 

12.  3 

12.  7 

-2.  2 

-1.  0 

12.  3 

12.  7 

-1.5 

-l.  3 

12.  2 

12.  7 

-1.  2 

-1.  S 

12.  2 

12.  7 

-1.  1 

-1.  5 

12.  1 

12.  7 

-1.  1 

-1.  3 

_ LL_2 _ 

_ LiL_5 _ 

— 

-l.  1 

-1.  1 

AFSS 


FUN  #  14 


DAT  2173 


TEST  TIME  1 3 C . C  MINS 

SIDE  ?l 


i  hemocoupl  b 


Pw"0'nete' 


S3F i  Panel 


L.  e e  t 


■  o  m  e  t  e  ~  D  : 
R  Qnt 


-7.  7 
-4 .  3 


-3.  2 
-4.  3 


TEST  TIME  19G.  0  MINS 

SIDE  B 


E  <n  i  ss  i  v  i  t  *  p  one  ! 
T  hernocoup i e 


S3PI  panel  Py^o^eter  Data 


Pgnometen 


Left 


R  ght 


C°  O) 


r 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  tMUCAU  Of  STANOAROS  -  IN)  -  A 


RFSS 

RUN  »  14  DRY  2173 

TEST  TIME 

210,0  MINS 

SIDE  fl 

Em  ssi  Vi  ty  Panel 

SSF I  Panel  Pyrometer  Do^ 

T  h  e  r  m  o  c  o  u  p  1  e 

Pyrometer  Left  R.ght 

3.  6 
3.  3 
13.  8 
13.  8 
13.  8 
13.  8 
13.  8 
•13.  8 
13.  S 


TEST  TIME 

E  m  '  ss  i  v  ■  t  y  Panel 
T  her  itocoup  1  e 


225,  Q  MINS 

SIDE  3 

S0F1  Panel  Pyrometer  Data 
Pyrometer  Left  R . ght 


IWK 


0.  0 
0.  0 
0.  0 
-0.  7 


HFSS 

RUN  #  14  DRY  2173 

Li  J 

i — i 

1— 

h~ 

CO 

UJ 

t— 

240. G  MINS 

SIDE  A 

Em  ss  i  v  :  t g  Pane 

1  SCFI  Panel  Pyrometer  Dot 

T  hermccoupie 

Pyrometer  Left  R  ght 

14.  4 
14.  4 
14.  4 


-3.  I 
-2.  G 
-2.  7 
-3.  3 


-4.  3 
-4.  3 
-3.  3 


TEST  TIME  255. G  MINS 

SIDE  3 

Eit'ssivi  tj  Panel  SuF  1  Panel  P^^oiteter  Data 


Eit'ssivi  tj  p  ane  1 
T  her mocoup i e 


P  grcmet  er 


Right 


flFSS 


RUN  »  14  DRY  2173 


TEST  TIME 

27C. G  M 

INS 

SIDE  fl 

Em  ss i v ; t  y  P one 

SOF 1  Panel 

Pyrometer  Data 

T  her mocoup \ e 

Pyrometer 

Left 

R  ght 

i  o.  5 

17.  7 

-1.  1 

-2.  3 

15.  2 

17.  7 

-1.  S 

-0.  1 

15.  8 

i  7.  7 

-1.  0 

-1.  1 

15.  S 

IS.  7 

-1.  4 

-2.  0 

15.  4 

17.  2 

-1.  1 

-2.  2 

15.  2 

1 S.  5 

-l.  3 

-1.  2 

15.  1 

IS.  1 

-1.  8 

-1.  7 

14.  8 

IS.  1 

-2.  1 

-2.  2 

14.  7 

15.  5 

-2.  1 

-2.  1 

14,3 

_ _ 

_ _ 

-1.  S 

TEST  TIME  285.  0  MINS 

SIDE  B 


Em'ssivity  Panel  SOFI  Panel  Pyrometer  Data 

Thermocouple  Pyrometer  Left  R.ght 


TOP  17.  7 

18.  8 

7.  2 

5.  5 

17.  4 

18.  3 

5.  5 

4.  1 

17.  1 

18.  8 

4.  8 
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A  facsimile  catalog  card  In  Library  of  Congress  MARC 
format  is  reproduced  below. 


Ferrick,  M.6. 

An  experimental  investigation  of  potential  icing 
of  the  Space  Shuttle  external  tank  /  by  M.G.  Ferrick, 
K.  Itagakl,  6.E.  Lemieux  and  S.E.  Minas.  Hanover, 
N.H. :  Cold  Regions  Research  and  Engineering  Labora¬ 
tory;  Springfield,  Va. :  available  from  National 
Technical  Information  Service,  1982. 

vi,  309  p.,  lllus.;  28  cm.  (  CRREL  Report  82-25.  ) 
Prepared  for  U.S.  Air  Force  Space  Division  by  U.S. 
Army  Cold  Regions  Research  and  Engineering  Laboratory 
under  MIPR  FT  76168200394. 

1.  Ice.  2.  Space  shuttle.  3.  Fuel  tanks. 

I.  Itagakl,  K.  11.  Lemieux,  6.E.  III.  Minas,  S.E. 

IV.  United  States.  Army.  Corps  of  Engineers. 

V.  Army  Cold  Regions  Research  and  Engineering  Lab¬ 
oratory.  VI.  Series:  CRREL  Report  82-25. 


